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OTBODUCTIOK 

Cellulose,  the  structural  material  of  plants,  is  formed  from 
linear  polymers  of  D-glucopyranose  units.  These  units  are  connected 
by  bonds  between  the  one  and  four  carbons  of  the  glucose  residue,  the 
number  one  carbon  having  a  p-conf iguration.  This  statement  could  be 
made  with  certainty  only  after  years  of  research  on  cellulose  struc- 
ture. 

The  mechanism  by  which  a  living  organism  produces  cellulose  is 
unknown.    In  plants  the  study  of  this  mechanism  is  complicated  by  the 
photosynthetle  process.    Certain  bacteria,  on  the  other  hand,  can  con- 
vert hezoses  into  cellulose  in  a  very  short  tine  and  without  the  attend- 
ant woblea  of  photosynthesis.    They  appear,  therefore,  to  be  efficient 
tools  for  the  investigation  of  cellulose  synthesis  from  the  standpoint 
of  convenience,  simplicity  and  time. 

The  phenomenon  of  cellulose  production  by  acetic  acid  bacteria 

n 

was  first  reported  by  A.  J.  Brown  in  1886.     Working  with  the  •vinegar 
plant"  which  occurred  in  spoiled  wine  and  beer,  he  isolated  an  organism 
to  which  he  gave  the  name  Bacterium  rrllnum.  now  known  as  Acatobacter 
xvllnna.    This  organism  produced  a  heavy  membrane  at  the  surface  of 
suitable  liquid  media. 

Brown  treated  the  membrane  to  remove  cellular  and  non-cellulosic 
materials  and  obtained  a  thin  membrane  which  represented  from  35  to  62 
per  cent  of  its  original  weight.    Carbon  and  hydrogen  analysis  gave  re- 
sults in  good  agreement  with  values  obtained  with  cellulose.  Further 


evidence  that  the  material  was  cellulose  wag  provided  "by  its  solubility 
in  etrarle  ammonium  hydroxide  solution  and  its  conversion  to  a  reducing 
sugar  when  hydrolysed  with  sulfuric  acid. 

Bamsrling,^  in  1899,  questioned  Brown's  conclusion  that  the 
material  was  cellulose.    He  reported  that  the  membrane  was  only  slightly 
soluble  in  euprie  ammonium  hydroxide  solution,  that  it  contained  from 
2  to  3  per  cent  nitrogen  and  that  crystals  of  glucosamine  hydrochloride 
were  obtained  after  hydrolysis  of  the  Membrane  with  concentrated  hydro- 
chloric acid.    Froa  thess  findings  he  concluded  that  the  membrane  was 
composed  of  chitla. 

Subsequent  workers,  however,  through  physical  and  chemical 
examination  hare  confirmed  Brown's  conclusion  that  the  material  was 
indeed  cellulose.    Some  of  these  are  summarised  below. 

C.  A.  Browne,^  in  1906,  examined  cellulose  which  occurred  1a 
fermenting  sugar  cane  juice.  After  boiling  with  10  per  cent  caustic 
soda  ths  membrane  contained  0.2  per  cent  nitrogen  and  only  1  per  cent 

was  Insoluble  in  cupric  ammonium  hydroxide  solution.    Hibbert  and 

1  12  H 

Barsha '    *  J  subjected  membranes  from  D-glucose,  D-fructose  and  glycerol 
to  various  chemical  transformations.    Methylation,  acetylation,  ace to ly- 
sis and  hydrolysis  yielded  in  each  instance  products  identical  with  those 

30 

obtained  from  cellulose  of  vegetable  origin.    Sutnr    concluded  from  the 
nitrogen  content  of  the  specially  treated  membrane  that  it  could  not  con- 
tain ehltin. 

Xggsrt  and  Luft,^  working  with  dried  membranes  produced  from  su- 
crose, obtained  X-ray  diffraction  diagrams  which  were  similar  to  those 


obtained  with  cotton  1 inter*,    from  analysis  of  X-ray  diffraction  data, 

Barsha  and  HiVbert1  report  ad  that  membrane*  prepared  from  D-fructose, 

glycerol,  sucrose,  D-galactose  and  I  msnnltol  consisted  of  crystallites 

of  cellulose.    X-ray  diffraction  patterns  identical  vith  those  of  cotton 

17 

linters  were  obtained  by  Xhowrins,  Champetler  and  Sutra     with  membranes 

formed  when  glycerol,  sorbitol  and  o-glucoheptltel  were  the  substrates. 

Farther  eyidenee  for  the  identification  of  the  membranes  as  cellu- 

27 

lose  has  been  pro  Tided  by  the  infrared  spectrophotometer     and  the  elec- 
tron nieroseope,8,',1^,2^ 

Amctobacter  xrlimas  is  capable  of  producing  cellulose  from  a 
number  of  substrates.    Table  1  lists  the  substrates  which  have  been  test- 
ed and  the  production  or  non-production  of  cellulose  as  reported  by  vari- 
ous workers.    Contradict ory  reports  hare  been  made  concerning  seat  of  the 

compounds.    Thus  Brown   obtained  such  a  small  yield  from  sucrose  that  he 
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felt  that  It  could  be  ascribed  to  impurities.    Tarr  and  Hlbberf  report- 
ed a  yield  of  approximately  0.7  per  cent  from  sucrose.    However ,  the 
material  was  merely  washed  with  hot  water  before  drying  and  weighing, 
and  no  report  was  made  of  its  posit ire  identification  as  cellulose. 

Ho  synthesis  of  cellulose  by  Acetobacter  rvlinun  from  two-carbon 
compounds  has  been  reported.    Hone  of  the  pentoses  tested  has  been  re- 
ported ae  yielding  cellulose.    Low  yields  from  starch,  leran,  dextrin, 
lactose,  maltose,  mannose  and  rhamnose  are  subject  to  the  same  criticism 
as  was  applied  in  the  case  of  sucrose.    Substantial  yields  of  cellulose 
were  obtained  from  D-fruetose,  D-aennitol,  glycerol,  D-glucose  and  D- 
galaetose,  with  yields  decreasing  in  the  order  named. 


TABL3  1 


ORGANIC  0OMPO0BDS  WHICH  HAT1  H 

EH  TBSTSD  AS  S 

IUBSTRAT3SS  901 

CmiiLULOSB  FORMATION  IK  CULTHRSS  OF  A..  1 

:vllnnsi 

Compound  Tested 

References*  Reporting  Cellulose 

1 

'resent 

lot  Present 

Starch 

31 

I 

Inulla 

31 

Le*an 

31 

Dextrll 

31 

31 

Raff inoss 

CelWbiose 

27 

11 

Sucrose 

31.  11 

k 

Lactose 

31.  U 

Maltose 

31.  11 

Glucose 

31.  11,  27,  * 

Fructose 

31.  13 

Manaose 

31 

Galactose 

31.  13 

i 

11 

Sorbose 

—  ■ 

Xylose 

31 

Arablnoso 

31 

Rhaanose 

31 

31 

oy-Methyl  glucoside 

Sthanol 

31.  10 

ethylene  glycol 

31 

Glycerol 

31,  11.  27,  17 

31.  11 

Brythrltol 

18 

Arabitol 

18 

rauuiwoi 

31,  * 

11,  18,  27 

Sorbitol 

11,  18,  17 

Dulcitol 

18 

Perseitol 

18 

Volemitol 

18 

a-Glucohept  it ol 

18.  17 

P-Glucoheptitol 

18 

Tetrae'thylene  glycol 

31 

Hexaithylene  glycol 

31 

Acetic  add 

11 

Lactic  acid 

19 

Pyrttric  aeld 

25 

Glyceraldehyde 

13 

31 

a-Methyl  glycerol 

Glycerol  chlorhydrin 

31 

JL-Glucoean 

31 

*The  numbers  in  this  table  correspond 

to  numbered  references  in  the 

bibliography. 

Synthesis  of  cslluloss  by  a  resting  cell  suspension  has  been 
reported  by  Hestrln,  Aschner  and  Mager.11   A  colloidal  suspension  of 
cells  and  cellulose  fibrils  was  prepared  from  young  Acetobacter  xyllm— 
membranes.    The  cells  were  separated  from  the  fibrils  by  passing  this 
suspension  through  cheese  cloth.   A  cellulose  membrane  was  produced 
when  these  cells  were  added  to  a  thin  layer  of  buffered  substrate  solu- 
tion maintained  at  37*C.    Cellulose  production  without  increase  in  cell 
number  bad  apparently  been  obtained  since  Acetobacter  zvlinan  dees  not 
multiply  at  this  temperature  eren  in  nutrient  solution. 

The  formation  of  cellulose  from  substrates  labeled  with  radio* 

act  ire  carbon-Ik  has  been  investigated  in  recent  research.    The  results 

of  an  experiment  using  D-glucoee-l-C     has  been  published  by  Minor, 

22 

Oreathouse,  Shirk,  Schwarts  and  Harris.       Hydrolysis  of  the  cellulose 
and  degradation  of  the  resulting  glucose  revealed  that  the  major  portion 
of  the  activity  of  the  glucose  residues  was  in  the  one  position  (Table  2). 


TABU  2 

LOCATION  07?  L&HBL  IN  STBUCTUH3  Of  GLUC0S1  UNITS  IN  BACTERIAL 

CBLL0LQH 


Position 

1 

2 

I 

5 
6 


i  9t  Label 

82.2 
0 

10.8 
8.7 
0 

o 


The  specific  activity  of  the  cellulose  was  0.071  sdcrocurles  per  milligram 
as  compared  to  0.3k  microcuries  per  milligram  in  the  glucose-l-C  which 
had  been  supplied  (Table  3)» 


TABLE  3 

SraCITIC  BADIOACTIYITT  VALUBS  OF  OULTORS  PRODUCTS 


Ik 

D-Glucose-1-0  supplied 
D-Glucose-a1*  obtain** 

CO„ 


Mierocuries/mg.  C 

0.071 
0.37 


The  author*  calculated  from  the  rati©  of  the  specific  radioactiritiet  of 

cellulose  to  glucose  (21  per  cant)  and  the  amount  of  0     located  at  posi- 

tion  one  of  the  glucose  (82.2  per  cent),  that  at  most  17  per  cent  of  the 

1* 

cellulose  could  hare  been  formed  from  the  initial  D-glucose-1-0  mole- 
cule by  direct  polymerization. 

Synthesis  of  cellulose  by  micro organisms  seems  to  he  confined 

2 

almost  exclusirely  to  the  genus  Acetobacter.    Beijerinck,    in  1898, 
found  that  Acetohacter  uacteurlanum  and  Acetobacter  rancona  produced 
slimes  which  gare  a  posit ire  cellulose  reaction.    Tan  Wisselingh?2,2^ 
tested  one  hundred  different  fungi,  including  bacteria,  yeasts  and  molds, 
and  concluded  that  cellulose  was  not  commonly  found  in  bacteria  other 

Ik 

than  Acetobacter  rylinum.    laushal  and  Walker ,     in  1951.  reported 
positlre  cellulose  reactions  in  pellicles  formed  by  Acetobacter  aceti- 
eennm.  Acetobacter  ttasteurlanum  and  Acetobacter  kutgingianum.    The  cellu- 
lose test  normally  employed  depended  on  the  formation  of  a  blue  color 
when  the  material  was  treated  with  iodine-sine  chloride  solution  or  with 
75  per  cent  sulfuric  acid  and  iodine -potass! urn  iodide  solution. 


The  members  of  the  genus  Ace to sect er  are  described  in  Bergey's 
Manual^  as  having  ellipsoidal  to  long  and  rod  shaped  cells  occurring 
singly,  in  pairs,  or  in  short  or  long  chains.    Young  cells  are  Oram- 
negativot  old  cells  often  are  Oram-rariahl e .    the  organisms  are  obli- 
gate aerobes,  usually  strongly  eatalase-positive,  and  oxidise  various 
organic  compounds  to  organic  aeide  and  other  products  which  may  undergo 
further  oxidation.    The  cells  of  Acetobacter  xylimua  are  described  as 
rods,  about  two  microns  long,  which  occur  singly  and  in  chains.  They 
hare  a  shiny  enrol ope  which  gives  the  cellulose  reaction.    Acids  are 
produced  from  glucose,  ethanol,  propyl  alcohol  and  ethylene  glycol, 
fo  acid  is  produced  from  arabinose,  fructose,  galactose,  maltose,  lac- 
tose, raffinose,  dextrin,  starch,  methyl  alcohol,  isopropyl  alcohol, 
butyl  alcohol,  isobutyl  alcohol,  aayl  alcohol,  aannitol  or  acetalde- 
hyde. 

A  medium  consisting  of  yeast  water  or  yeast  extract,  a  carbo- 
hydrate substrate  and  phosphate,  adjusted  to  a  pR  between  five  and  six, 
has  been  widely  used  for  cellulose  production.    The  cultures  were  Incu- 
bated at  temperatures  of  28-32*0 .  for  periods  ranging  up  to  twenty-one 

11 

days.    Tarr  and  Hibbert     obtained  cellulose  from  media  in  which  ammonium 
salts,  urea  or  L-asparagine  had  been  substituted  for  yeast  extract. 
The  addition  of  ethanol  to  the  media  was  found  to  increase  the  cellu- 
lose yield  although  cellulose  was  mot  produced  when  ethanol  was  the 
only  carbon  source. 

Many  problems  concerning  the  metabolism  of  Acetobacter  xvlinua 
and  its  synthesis  of  cellulose  remain  unsolved.    Even  the  fundamental 
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question  of  what  substrates  can  be  converted  to  cellulose  it  confused 
oy  conflicting  reports  in  the  literature.    The  effects  of  variation  of 
the  concentration*  of  media  components,  of  pH  and  of  oxygen  supply  are 
unknown.    The  requirements  of  the  organism  for  growth  factors,  the  nitro- 
gen sources  utilised,  the  pathways  for  carbohydrate  metabolism  have 
teen  partially  established.    The  problems  which  are,  perhaps,  the  most 
interesting  and  difficult  have  barely  "been  touched  upon.    These  are 
the  isolation  of  the  ensyme  system  responsible  for  cellulose  synthesis 
and  the  elucidation  of  the  mechanism  of  cellulose  formation. 

The  application  of  radioactive  sribatrates  to  studies  of  cellu- 
lose synthesis  bv  Acetobacter  xyllnum  has  made  economy  an  Important 
reason  for  determining  the  conditions  necessary  for  maximum  cellulose 
production.    The  research  reported  in  this  dissertation  wae  undertaken 
to  improve  the  yield  of  cellulose  from  glueoee  and  to  make  beginnings 
toward  the  solution  of  some  of  the  probleme  set  forth  above. 


CHAPTER  X 

A  XBTI1W  OF  EXPSHIK5HTAL  KBTE0D3  A  S3  MATERIALS 

The  strain  of  A.  xylinua  used  in  this  research  for  the  protection 
of  cellulose  was  supplied  by  Dr.  0.  A.  Oreathouse  and  Dr.  H.  0.  Shirk 
of  the  Prevention  of  Deterioration  Center,  Mat tonal  Research  Council, 
Washington,  D.  0.    The  organisas  vara  propagated  in  a  liquid  medium, 
hereafter  referred  to  as  the  "standard  medium, "  which  had  the  following 
compositions 

Toast  Extract  1  per  cent 

Glucose  1  per  cent 

KHgPO^  0.3  per  cent  (0.022  M) 

pH  6.0  t  0.1 

Efforts  were  made  to  make  transfers  to  fresh  media  at  2  or  3 
day  intervals.    Occasionally,  the  appearance  of  contamination  made  it 
necessary  to  revert  for  an  inoculum  to  an  older,  on contaminated  culture. 
Therefore,  the  history  of  the  iaocula,  from  the  standpoint  of  regularity 
of  transfers,  varied  throughout  these  experiments. 

The  stock  cultures  were  incubated  at  30*0.,  as  were  all  of  the 
experimental  cultures.    A  Thelco  cabinet  type  incubator  was  used.  The 
incubator  was  located  in  an  air  conditioned  room  maintained  at  a  tempera- 
ture of  approximately  23° C. 

In  early  experiments  media  were  sterilised  by  filtration  of  the 
complete  medium  through  a  Salts  filter.  Media  containing  yeast  extract 
filtered  slowly,  and  this  was  believed  to  be  responsible  for  the  presence 


10 

of  eontaminat ion  la  instances  where  a  nonsterile  medium  was  obtained. 
To  aroid  this  difficulty  a  solution  of  yeast  extract  and  phosphate  was 
sterilised  in  an  autoclave  for  20  sin.  at  15  Ins.  pressure.    The  glu- 
cose solution,  which  t>assed  rapidly  through  the  filter,  was  sterilised 
separately  by  filtration.    The  tvo  solutions  were  subsequently  eon- 

« 

bined  to  make  the  complete  medium. 

One  final  modification  was  made  in  the  sterilisation  procedure. 
The  glucose,  as  a  bO  vr  cent  solution,  was  also  sterilised  in  the 
autoclare  for  20  min.  at  15  lbs.  pressure.    This  method  was  more  con- 
venient and  faster  than  filtration.    There  was  newer  an  indication  that 
the  method  of  sterilisation  had  an  effect  on  cellulose  production. 

All  chemicals  employed  in  the  preparation  of  media  or  for  other 
purposes  were  used  as  received  from  the  manufacturer  and  without  further 
purification.   A  list  of  these  chemicals  and  their  sources  appears  in 
Appendix  XI. 

Test  tubee  were  used  for  growing  cultures  in  preliminary  experi- 
ments In  which  qualitative  observations  wsre  made.    Brlenmeycr  flanks, 
250  ml.  capacity,  served  as  culture  vessels  in  experiments  where  quan- 
titative measurements  were  made.   Twenty  milliliters  of  medium  in 
theee  flasks  provided  a  culture  surface  for  membrane  formation  which 
was  approximately  7.5  cm.  in  diameter.    This  volume  of  medium  was 
used  consistently  for  making  quantitative  determinations  since  it 
yielded  a  membrane  which  could  be  conveniently  handled. 

The  methods  of  inoculation  used  in  this  research  varied  with 
the  type  of  medium  employed.    Changes  in  these  methods  were  also  made 
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to  obtain  uniformity  in  the  inoeula.    The  procedure*  are  outlined  below: 

(1)  A  portion,  usually  1  ml.,  from  a  stock  culture  was  trans- 
ferred to  the  test  medium.    The  ages  of  thess  inocula 
varied. 

(2)  A  suspension  of  washed  cells,  prepared  from  a  stock 
culture,  was  used  as  Inoculum. 

(3)  A  suspension  of  cells,  prepared  from  the  growth  on  an 
agar  slant,  served  as  the  inoculum.    The  slants  con- 
tained yeast  extract  (2  per  cent),  carbohydrate  sub- 
strate (2  per  cent),  XHgPO^  (0.3  per  cent)  and  agar 
(2  per  cent).    They  were  inoculated  by  passing  the 
membrane  from  a  recently  inoculated  (1  to  3  days) 
stock  culture  over  the  surface  of  the  slant.  Sterile 
distilled  water  was  added  to  the  slants  after  3  days 
incubation  and  the  cells  loosened  and  suspended  in 
the  water  by  means  of  an  Inoculating  loop. 

(A)    The  organisms  were  grown  on  slants  as  in  (3)  and  a 

suspension  of  washed  cells  was  prepared  for  the  inocu- 
lum* 

The  term  "washed  cells"  as  used  in  this  dissertation  refers  to 
cells  which  hare  been  alternately  suspended  in  sterile,  distilled  water 
and  "spun  down"  in  the  centrifuge.    This  process,  repeated  three  or  four 
times  with  fresh  volumes  of  water,  constitutes  the  "washing."    The  final 
suspension  served  to  inoculate  synthetic  media. 
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The  inoculating  technique  was  net  standardised  in  early  experi- 
ments.   Stock  cultures  of  various  ages  vera  used  directly  as  inocula. 
The  question  of  what  effect  the  age  of  the  inoculum  had  upon  cellulose 
production  was  investigated  in  the  following  manner.    Six  flasks,  each 
containing  20  ml.  of  the  standard  medium,  were  inoculated  by  1  ml. 
transfers  from  a  single,  1  day  old,  stock  culture.    After  k  days  incu- 
bation, and  subsequently  at  4-day  intervals  for  a  total  period  of  2k 
days,  flasks  containing  this  same  medium  were  inoculated  with  1  ml. 
transfers  from  one  of  the  six  original  cultures.    Cellulose  yields 
were  determined  in  the  cultures  four  days  after  inoculation. 

Media  which  had  received  inocula  k,  8  and  12  days  old,  produced 
approximately  the  same  amount  of  cellulose.    A  definitely  lower  yield 
was  obtained  from  inocula  which  were  more  than  12  days  old  (Table  fc). 

The  need  for  a  standardised  technique  of  inoculation  led  to 
an  examination  of  the  effect  of  the  sise  of  the  inoculum  on  cellulose 
Troduction.    A  heavy  suspension  in  sterile  distilled  water  was  prepared 
from  a  5-day  growth  on  agar  slants.    Various  dilutions  were  made  of  the 
original  suspension,  and  duplicate  flasks  of  the  standard  medium  were 
inoculated  with  1  ml.  portions  of  each  dilution.    The  dilutions  were 
expreeeed  (Table  5)  *•  the  ratio  of  the  final  volume  of  the  dilution 
to  the  volume  of  the  original  suspension  used  in  the  dilution.  These 
values  ranged  from  1  to  kOO.    Membranes  were  removed  from  the  cultures 
five  days  after  inoculation  and  the  weight  of  the  cellulose  was  de- 
termined. 


TABLE  4 


the  isplueboi  or  the 


Affl  Or  THE  ISOCULA  OK  OHXLULOSIC  PRODUCTION 
BT  A.,  xrlinun 


Age  of 
Inocula 
(days) 

pH 

(final) 

Cellulose 
Produced 

to) 

Age  of 
Inocula 
(days) 

pH 
(final) 

Cellulose 
Produced 

to) 

4.8 

14.8 

16 

4.8 

11.9 

4.7 

16.7 

11.3 

4.6 

17.2 

M 

12.4 

8 

4.9 

16.9 

20 

4.9 

11.2 

4.8 

15.9 

11.4 

4.7 

16.6 

11.4 

12 

4.7 

15.1 

24 

5.1 

8.4 

4.8 

14.4 

5.8 

9.2 

4.8 

15.7 

5.5 

10.7 

Medina! 


Inocula: 


Incubation t 


Teast  extract  1  per  cent 

Glucose  1  per  cent 

lE-PO^    0.3  per  cent 

pH  6 

One  Milliliter  each  froa  cultures  In  the  above 
medium  which  had  been  incubated  the  number  of 
days  indicated  in  the  table 

Pour  days  at  30°0. 


lfc 

TABUS  5 

Hi  nowRHoa  or  tbb  sizb  of  INOCULA  oh  CELLULOSE  PRODUCT  I  OS 

BT  a.  rvlinty 


Dilation 
Fact ox* 

Cellulose 
Produced 

(««•) 

Dilation 
Factor* 

Cellulose 

1 

10.1* 

hi 

11.9 
9.0 

* 

10.3 
11.8 

100 

9.8 
9.9 

• 

12.7 
10.7 

200 

12.9 
11.5 

11.6 
12. k 

i»00 

1A.5 
10.8 

* 

11.1 
13.7 

.    -  Tol. 

of  dilation 

-  .   „  Tol.  of  dilation 

"Dilation  factor:  of  .o^^ion  diluted 


.  1  per  cent 
.  1  per  cent 
0.3  per  cent 
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Inoeula:  One  milliliter  portions  of  the  dilations  of 

a  suspension  of  the  fire-day  growth  on  agar 
slants 

Incubation:  Fire  days  at  30*0. 


Median:  least  extract 

Glucose  .  .  . 

KBgPO^    .  .  . 


There  was  no  difference  in  the  aaount  of  cellulose  produced 
In  the  culture*  that  could  he  ascribed  to  differences  in  the  size  of 
the  inocula.    Although  the  yield  of  cellulose  after  5  days  incubation 
was  fairly  uniform  in  all  the  cultures,  membranes  were  observed  to 
form  much  more  rapidly  in  the  cultures  which  had  received  heavy  inocula. 
this  indicated  that  inoculum  sise  had  a  definite  influence  on  the  rate 
of  cellulose  production. 

One  milliliter  portions  of  suspensions  of  cells  taken  from 
agar  slants  were  used  as  inocula  in  the  majority  of  the  experiments. 
A  twenty-fire  fold  dilution  of  these  inocula  gave  approximately  90  per 
cent  transmission  in  the  Bvelyn  Photoelectric  Colorimeter  using  a  5*1-0 
millimicron  filter.    A  suspension  of  cells  with  a  density  equal  to  that 
of  the  inocula  contained  about  0.14  mg./ml.  of  nitrogen.    Cultures  in 
the  standard  medium  reached  maximum  cellulose  production  within  k6  hours 
after  receiving  the  inocula  of  this  sise. 

The  membranes  produce*  by  A.,  xylinum  forms  at  the  surface  of 
the  culture.    Thin  and  transparent  in  the  early  stages  of  growth,  it 
becomes  white  and  opaque  as  it  gradually  thickens  with  age.    When  re- 
moved from  the  culture  it  is  heavy  and  swollen  with  absorbed  water. 
The  undersurface  is  coated  with  a  clear,  jelly-like  material.    If  the 
membrane  is  washed  well  with  water  and  dried  by  treatment  with  acetone, 
the  resulting  film  is  soft  and  semi-transparent,  greatly  resembling 

lene  tissue  in  texture  and  appearance. 

The  membranes  contained  a  large  proportion  of  nitrogenous 

material,  and  their  treatment  before  weighing  was  designed  to  remove 


noncelluloslc  substances.    As  they  were  reaoved  froa  the  cultures  the 
membranes  were  pressed  against  the  neck  of  the  flask  to  reaove  a  portion 
of  the  absorbed  medium.    An  initial  washing  operation  was  performed  by 
a  prolonged  (12  to  2k  hours)  passage  of  tap  water  over  the  membranes 
which  were  retained  in  a  Buchner  funnel. 

The  next  operation  involved  heating  the  membranes  in  a  1  per  cent 
HaOH  solution.    This  was  aecoaplished  at  first  by  boiling  the  membranes 
in  the  HaOH  solution  under  reflux.    A  aore  convenient  method,  which  was 
used  almost  exclusively,  consisted  of  heating  the  membranes  in  1  per 
cent  HaOH  for  two  hours  at  15  lbs.  pressure.    The  digestion  in  HaOH  was 
followed  by  a  final  wash  in  tap  water  which  was  continued  until  the 
membranes  no  longer  gave  an  alkaline  reaction  with  litmus  never,  die 
required  atroroximately  four  hours.    The  membranes  were  filially  suspended 
from  ni chrome  wires,  dried  and  weighed.    The  drying  ■orocess  required 
12  hours  or  aore  at  room  temperature  or  3  to  k  hours  in  an  oven  at 

The  calculation  of  cellulose  yields  was  based  on  the  weight  of 
cellulose  which  would  be  formed  by  the  complete  conversion  to  cellulose 
of  the  substrate  in  the  mediua.    The  anhydroglueoee  unit  of  the  cellu- 
lose  chain  has  a  molecular  weight  of  162.    Thus,  180  ag.  of  glucose  or 
fructose  or  182  ag.  of  aannitol  could  theoretically  form  162  ag.  of  cellu- 
lose.   The  following  formula  was  used  for  making  the  calculation  of  the 
cellulose  yield  froa  glucose) 

ag.  cellulose  formed        ^  1Q0  _  per  cent  of  theoreti- 
ag.  glucose  in  medium  x  r§r  oal  yield  of  cellulose 
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An  estimate  of  the  eff icieney  of  the  digestion  was  obtained 
in  the  following  experiments.    Three  membranes,  formed  under  the  seme 
cultural  conditions,  were  washed  as  usual  in  water.    Their  dry  weight 
was  determined  and  then  one  membrane  wae  subjected  to  the  complete 
treatment  described  abore,  while  nitrogen  determinations  (Micro- 
Kjeldahl  method)  were  performed  on  the  other  two  membranes.  The 
average  nitrogen  content  of  six  untreated  membranes  which  were  pro- 
duced in  media  at  three  different  initial  pH  values  was  2.5  mg.,  or 
roughly  8  per  cent  (Table  6) .    Approximately  kO  per  cent  of  the  origin- 
al membrane  weight  remained  after  HaOH  digestion. 

Iltrogen  determinations  were  also  performed  on  completely 
treated  membranes  which  were  formed  in  media  of  various  initial  pi 
values.    Four  membranes  -oroduced  in  cultures  of  the  same  initial  pH 
value  were  combined  for  nitrogen  analysis.    The  nitrogen  content  ranged 
from  0.05  mg.  in  the  smallest  membranes  to  0.38  mg.  in  the  four  largest 
membranes  (Table  7).    This  indicated  that  approximately  96  per  cent  of 
the  nitrogen  in  the  membranes  was  removed  by  the  digestion  deeeribed 
above. 
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TABLE  6 

NITROGSS  COSTS  HT  07  UNTREATED 

Of  A, 


FROM  CULTURES 


pS* 

(initial) 

Meabrane 

Weight 
<a«.) 

I 

Hitrogen 

Cellulose 
Produced 
(ae.) 

(ag 

.1 

(*> 

M 

33.1 

2. 

7 

8.2 

•  •  •  • 

30.1 

2.5 

8.0 

•  •  •  | 

33.0 

•  • 

• 

•  •  • 

12.8 

T.O 

3*.6 

3. 

0 

8.6 

«  •  e  • 

30.7 

2. 

3 

7.* 

•  eve 

3*.l 

•  • 

e 

•  *  * 

13-3 

7.5 

28.9 

2. 

2 

7.6 

e  •  •  e 

28.2 

2. 

1 

7.3 

•  •  •  • 

28.7 

•  • 

• 

•  •  • 

11.7 

were  made  by  the  Micro-Kheldahl  Method. 

Baeal  mediuat     Teaat  extract  1  per  cent 

Glucose  1  P«r  cent 

Phosphate    0.022  aolar 


Inocula: 


One  milliliter  portions  froa  a  suspension  of  a  3-day 
growth  on  agar  slant* 


Incubation t        Torty-elght  hours  at  30aC, 
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TABU  ? 

TBS  NITROOSX  COMTBHT  Of  MSMBHAK8S  FROM  CULTTEM  OF  A,. 
XMA  DIOXSTIOK  WITH  SODIUM  HYBROXEDJ* 


(initial) 


Cellulose  Produced 
(as.) 


Nitrogen 


5 
6 

7 
8 


18.3 
35.* 

68.3 
A*. 8 


0.05 
0.2k 
0.36 
0.38 
0.23 


0.3 
0.7 
0.8 
0.6 
0.5 


*0ther  data  froa  this  experiaent  appear  in  Table  8.    *The  pH  of  the  media 
vac  adjusted  with  KOH.     The  weight e  represent  the  contained  cellulose 
froa  four  cultures.    ^Nitrogen  determinations  were  made  by  the  Micro- 
rjeldahl  method. 


Basal  mediuai 


Toast  extract  •  . 
Glucose   


 1  P*r 

  1  per  cent 


Phosphate  .    .....    0.022  molar 


Inoeulat 


One  milliliter  portions  froa  a  suspension  of 
3 -day  growth  on  agar  slants 


Incubation i  Forty-eight  hours  at  30°C. 


CHAPTER  IX 

IACTORS  IHFLTJENCI1TO  WSM  PRODUCT  1 01  Of  C3LLCL0SS  BT  Acotobacter  srlinum 

IV  K8DIA  COSTAIFISO  TUSf  EXTRACT 

The  Influence  of  the  pH  of  the  Medium 
as  Cellulose  Product  ion 

It  was  observed,  while  working  with  media  containing  glucose, 
that  the  pE  of  the  cultures  decreased  rapidly  after  inoculation.  A 
minimus  was  reached  when  the  cultures  were  approximately  2k  hours  eld. 
This  was  followed  by  a  slow  increase  until  the  values  remained  essential- 
ly constant.    The  deceleration  of  the  rate  of  the  decrease  in  the  pH 
valuee  and  the  subsequent  increase  occurred  during  the  period  of  maximum 
cellulose  production  in  the  culture.    This  behavior  suggested  that  a 
relationship  existed  between  cellulose  production  and  the  pH  of  the 
culture.    The  observed  minimum  in  the  pH  trainee  might,  therefore, 
repreeent  the  hydrogen  ion  concentration  best  suited  to  cellulose 
production. 

The  relation  between  the  initial  pH  of  the  culture  and  the 
amount  of  cellulose  produced  was  investigated  in  the  following  manner. 
Tenet  extract  (1  g.)  was  diesolved  in  water  (75  ml.)  containing  H^PO^ 
(0.63  ml. ;  O.325  N).    This  solution  was  adjusted  to  the  desired  pH 
value  with  KOH  and  sufficient  distilled  water  wae  added  to  make  a  final 
volume  of  95  ml.    A  19  ml.  portion  of  thie  solution  was  placed  in  each 
of  four  flasks  and  sterilised  in  the  autoclave.    Losses  in  weight  through 


evaporation  were  remedied  by  the  addition  of  sterile  water.    One  milli- 
liter of  a  20  per  cant  glucose  solution  (sterilised  in  the  autoclave 
at  kO  par  cent  concentration)  vas  added  to  each  flask.    Madia  having 
initial  pH  values  of  4,  5,  6,  7.  8  and  8.5  vara  urepared  la  thia 
Banner.    A  three-day  growth  on  agar  slant  a  was  uaad  to  make  a  call 
suspension  from  which  1  ml.  to loses  were  taken  as  lnocula. 

Membranes  ware  removed  from  the  eulturee  after  incubating  for 
48  hours.    These  were  dried  and  weighed  after  treatment  in  an  auto- 
clare with  1  par  cant  HaCH  ae  described  In  Chapter  X.    The  residual 
media  in  each  group  of  four  cultures  of  the  same  initial  pH  value  ware 
combined  and  diluted  te  80  ml.    Final  pH  valuee  ware  obtained  from 
these  composites. 

The  amount  of  cellulose  produced  Increased  as  the  initial  pH 
readings  of  the  media  ware  increased  from  k  to  7  but  deereaaed  in  cul- 
tures which  had  an  initial  pH  ef  8  (Table  8).    fo  growth  or  cellulose 
production  occurred  in  cultures  at  pi  8.5.    final  pH  values  followed 
the  same  general  pattern  as  the  cellulose  yields,  reaching  a  maximum 
in  cultures  of  initial  pi  7. 

The  increase  in  cellulose  production  noted  above  might  con- 
ceivably have  bean  due  to  factors  other  than  the  concentration  of 
hydrogen  ion.    The  concentration  of  the  potaasium  ion  was  necessarily 
Increased  aa  the  initial  pi  was  adjusted  to  higher  values.    This  in- 
crease in  potaaainm  ion  concentration  may  have  had  some  stimulatory 
affect  on  cellulose  production.    Also,  since  the  incubation  period  had 
not  been  extended  beyond  k8  hours,  the  possibility  remained  that  aaximua 


TABU  8 


TBI  IHFLUBHCJI  Of  THE  pR  OF  THE  MEDIUM  OH  CELLULOSE  PRODUCTION 

BY  A.  xyllnua 


•a* 

(initial) 

oil 

(final  ) 

Cellulose  Produced 

<«g.) 

uexiuioso  lie  in 
<Af».  *  ) 

k 

.JO 

4.2 

4.7 

4.8 

■ 

9.0 

**.r 

9.1 

8.3 

4.0 

11.3 

11.1 

11.5 

11.5 

f 

5.1 

17.3 

M 

17.2 

16.5 

17.3 

■ 

8 

4.4 

11.1 

6.2 

10.0 

11.7 

12.0 

8.5 

7.1 

0 

"The  pH  of  the  media  was  adjusted  with  101. 


Basal  mediums  least  extract  1  par  cent 

Glucose   1  per  cent 

Phosphate    0.022  molar 

Inoculum  One  milliliter  transfers  from  a  suspension 

of  a  3-day  growth  on  agar  slants 


Incubation: 


For  height  hours  at  30*0 


production  of  cellulose  had  not  seen  reached  In  all  of  the  culture e. 

These  doubts  vers  substantially  dispelled  "by  an  experiment 
which  involved  both  of  the  above  factors.    A  medium  which  contained 
only  glucose  (1  per  cent)  and  yeast  extract  (1  per  cent)  was  prepared. 
The  pH  (6.8)  of  part  of  this  median  was  not  altered.    Other  portions 
were  adjusted  to  pH  3.5  and  pi  4.65  »7  the  addition  of  HjPO^  to  one 
and  HJPO^  and  EOH  to  the  other.    Twenty  milliliter  volumes  at  each  pH 


value  were  inoculated  with  cell  suspension. 

Membranes  were  removed  after  12,  24,  Jo,  48  and  96  hours  incu- 
bation.   These  were  processed  and  weighed  as  in  the  preceding  experi- 
ment.   The  final  pH  value  (pH  of  the  medium  at  the  time  the  membrane 
was  removed)  was  determined  on  individual  cultures  without  diluting  to 
the  original  volume. 

The  yield  of  cellulose  from  cultures  inoculated  at  pH  6.8  was 
markedly  higher  than  from  the  cultures  having  lower  initial  pH  values 
(Table  9).    Thus,  an  increased  amount  of  cellulose  was  produced  at 
the  high  uH  although  no  potassium  ion  or  phosphate  had  been  added. 
Also,  the  weight  of  cellulose  present  after  96  hours  incubation  did 
net  differ  significantly  from  the  amount  found  after  43  hours  incubation. 
Maximum  production  of  cellulose  had  been  obtained  within  48  hours  even 
In  cultures  with  a  low  initial  pH.    This  has  been  the  case  consistently 
in  glucose  media  with  the  rather  large  inoeula  used  in  these  experi- 
ments.   Since  the  inoculum  in  the  previous  experiment  wae  of  a  similar 
else,  it  is  believed  that  there,  also,  maximum  yields  were  obtained. 
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TABLE  $ 

HI  IKFLUINCB  QF  THS  pH  07  THK  MEDIUM  OH  TIB  BATS  OF  CELLULOSE 

PRODUOTIOf  BT  A.  rylln— 


Incubation 

Period 
(hour*) 

PH 

(final) 

Cellulose  Produced 

(me  J 

Cellulose  Yield 

i 

v 
D 

i  c,  

#• 

v 
D 

a 

v 
0 

24 

3.3 
3.3 
3.3 

3.5 
3.6 
3.6 

3.9 
3.9 
3.9 

3.4 
2.8 

3.2 

8.6 
7.9 
9.1 

8.9 
8.8 
9.4 

1.7 

4.7 

5.0 

* 

3.2 
3.2 
3.2 

3.7 
3.7 
3.7 

4.1 
3.9 
4.15 

4.5 
4.6 
4.6 

11.5 
11.2 

11.5 

13.7 
12.2 
14.2 

2.6 

6.3 

7.4 

48 

3.3 
3.3 
3.2 

3.6 
3.6 
3.7 

4.6 

4.5 
4.6 

6.0 

5.3 
5.3 

12.4 
12.6 
11.9 

17.4 
16.0 
17.3 

3.1 

6.8 

9.4 

3.3 
3-3 
3.3 

3.9 
3.9 
3.9 

4.85 
4.85 
4.85 

5.4 
5.9 
6.0 

10.1 
10.2 
10.0 

14.6 
16.1 
15.1 

3.2 

5.6 

8.5 

*Basal  median  aade  0.022  N  in  H^PO^,  pH  3.5.    *Basal  medium  aade  0.009 M 
in  H^PO^  and  0.013  X  in  KHgPO^,  pH  4.65.    °Basal  median  aade  with  no 
phosphate  added,  pi  6.8. 


Basal  medium  Teast  extract  1  per  cent 

Olucose  1  ver  cent 

Inoeula:  One  milliliter  transfers  from  a  sus- 

pension of  a  3 -day  growth  on  agar 
slants 

Incubation:  At  30*0. 
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He  growth  vae  obtained  when  the  stock  culture  medium  (p.  9) 
was  adjusted  to  pH  7  and  inoculated  hy  a  1  ml.  transfer  from  another 

stock  culture.    Powell  also  failed  to  obtain  growth  in  media  at 

as. 

initial  -el  7.       It  is  possible  to  explain  this  apparent  contradiction 
te  the  results  obtained  with  eulturee  at  an  Initial  pH  of  8  (Table  8) 
on  the  basis  of  the  else  of  the  inoeula.    There  might  be  enough  active 
acid-producing  ensyme  present  in  a  large  inoculum  to  reduce  the  high 
pH  value  quickly  to  one  at  which  the  organism  can  surriTs  and  grow; 
but  with  comparatively  small  inoeula,  as  in  the  case  of  the  stock  cul- 
ture, this  might  not  occur.    In  the  cultures  with  an  initial  pH  of 
8.5  (Table  8)  this  reduction  in  pE  may  not  have  proceeded  to  a  point 
where  the  organisms  would  lire. 

The  increased  cellulose  yields  obtained  in  cultures  with  high 
Initial  pi  values  might  be  due  to  an  increase  in  the  reaction  rate  of 
the  cellulose  producing  ensymes.    The  effect  might  also  bs  caused  by 
an  increase  la  the  amount  of  the  cellulose  producing  enzyme,  with  or 
without  a  concurrent  increase  In  cell  number.    In  the  latter  case,  the 
sudden  change  of  an  actively  growing  culture  from  a  low  to  a  high  pH 
should  not  be  expected  to  result  in  a  marked  or  Immediate  increase  In 
cellulose  production. 

A  medium  containing  1  per  cent  glucose  and  1  per  eent  yeast 
extract  was  adjusted  to  pH  b.k  with  H^PO^  and  KOH.    The  customary 
20  ml.  volumes  of  the  medium  were  inoculated  from  a  cell  suspension 
and  Incubated  for  Zk  hours.    At  this  time,  membranes  were  removed 
from  three  cultures  and  the  residual  media  adjusted  to  approximately 


pH  7.    A  rolune  of  3.25  ml.  of  ICH  solution  wan  required  by  each  cul- 
ture to  raiee  tho  pH  fro*  3.5  to  7.0  ±  0.1.    this  same  volume  of  I0H 
solution  was  added  to  each  of  nine  of  the  eighteen  culture!  remaining 
In  the  incubator.    Bach  of  the  other  nine  received  an  equivalent  volume 
of  sterile,  distilled  water. 

v 

Cultures  of  each  type  were  removed  after  48,  96  and  136  hours 
of  incubation,    final  pH  Tallies  were  determined  and  membranes  processed 


The  weight  of  cellulose  In  the  pH-adjusted  cultures  after  48 
hours  of  incubation  was  more  than  double  that  obtained  In  unadjusted 
cultures  of  the  same  age  (Table  10).    An  additional  average  increase 
of  47  per  cent  (6.3  mg.)  was  shown  by  the  pH-adJusted  cultures  at  96 
hours,  whereas  the  cellulose  In  the  unadjusted  cultures  had  increaeed 
25  per  cent  (1.2  mg.)  In  the  same  period.    This  was  the  maximum  pro- 
duction since  the  cultures  removed  at  136  hours  showned  no  Increase  In 
cellulose.    [The  increase  in  cellulose  in  the  pH  4.4  cultures  beyond 
48  hours,  where  maximum  yield  was  normally  obtained,  may  have  been  due 
to  the  availability  of  fresh  culture  surface  after  the  submergence  of 
the  membranes  when  water  was  added.] 

The  pi  in  the  adjusted  cultures,  after  decreasing  from  7  to 
5.5  in  24  hours,  increased  during  the  remaining  incubation  nerlod, 
reaching  pH  8.5  in  the  136-hour  cultures.    This  was  the  highest  value 
of  the  final  t>H  noted  in  the  course  of  this  research. 

The  previously  mentioned  failure  to  obtain  growth  in  cultures 
at  pH  7  [This  observation  needs  further  confirmation.]  may  indicate 


at  the  end  of  each  incubation  uerl 
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TABLE  10 

OH  CELLULOSE  PRODUOTIOS  OF  A  POST- INOCULATION 
ADJUSTMENT  Of  THE  pH  Of  CULTURES  OP  A.  xylinun 


Incubation 
Period 
(hours) 

Unadjusted  Cultures 

Adjusted  Cultures* 

pH 
(final) 

Cellulose 

Produced 

<«*.) 

Cellulose 

Tield 
(As*,  t) 

(final) 

Cellulose 
Produced 

Cellulose 

Yield 
(Af*.  %) 

2k 

3.5 
3.6 
3.5 

3.2 
3.2 
3.5 

i.e 

... 

... 

•  •  •  « 

e  e  •  * 

•  *  •  • 

e  e  •  • 

•  e  •  e 

•  •  •  • 

3.35 
3.35 
3.35 

k.e 

*.9 
5.0 

2.7 

5.5 
5.6 
5  & 

12.9 
13.7 
13.2 

7.4 

H 

3> 

3.65 

3.6 

5.9 
5.7 
6.7 

3.* 

7.5 
8.5 
7.5 

19.2 
19.5 

20.1 

10.9 

136 

3.7 
3.6 
3.6 

5.2 
fc.7 
5.7 

2.9 

8.5 
8.5 
8.7 

18.5 

19.1 
20.4 

10.6 

*The  pH  of  these  cultures  was  adjusted  to  pH  7  with  KGB  after  24  hours 
of  incubation. 


Medina: 


Toast  extract  1  per  cent 


Clucose  .... 
Phosphate  .  .  • 

PH  


 1  per  cent 

.  .  .  .  0.022  molar 




Inocula  t 


Incubation: 


One  milliliter  transfers  from  a  suspen- 
sion of  a  3-day  growth  on  agar  slants 

At  30»C 


that  the  options  pH  for  the  growth  of      TTlilUVMI  !■  helow  this  value. 
It  does  not  sms  logical  on  this  basis  that  adjustment  of  the  pi  of 
the  growing  culture  from  3.5  to  7  would  result  in  increased  cell  number. 
If  this  reasoning  is  correct  the  increased  production  of  cellulose 
experienced  shore  should  reflect  a  higher  cellulose  yield  per  cell 
rather  than  one  due  te  a  larger  population.    This  assumption  could  not 
o«  confirmed  without  a  method  of  relating  growth  and  cellulose  production. 

The  Influence  of  the  Concentration  of  the  Components 
of  the  Media  on  Cellulose  Production 

lew  incentive  for  establishing  optimum  conditions  for  cellulose 

lk 

production  by  A,,  rvllnum  was  provided  by  the  use  of  glueose-l-C  in 
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studies  of  cellulose  formation  by  this  organism.      Considering  the  cost 
of  specifically  labeled  glucose,  conditions  which  gave  a  maximum  yield 
of  cellulose  from  a  minimum  amount  of  the  hexooe  would  obviously  be  the 
most  economical.    These  conditions  would  include,  among  others,  optimum 
concentrations  of  the  components  in  the  medium. 

Cellulose  yields  from  cultures  in  the  standard  medium  (p.  9)  had 
varied  in  these  experiments  from  6  to  10  per  cent.    The  influence  of  the 
concentration  of  each  component  upon  the  amount  of  cellulose  formed  was 
determined  by  varying  the  concentration  of  one  component  while  that  of 
the  others  was  held  constant.    The  effect  of  glucoee  concentration  was 
first  to  be  investigated  in  this  manner. 

A  solution  of  yeast  extract  and  K*2*\  was  sterilised  in  the  auto- 
clave.   Sterile  water  and  glucose  solution,  in  quantities  which  gave  glu- 
cose concentrations  ranging  from  0  to  10  per  cent  were  added  to  tee  flasks 


of  this  medium.    The  concentrations  of  yeast  extract  (1  per  cent)  and 
KBgPO^  (0.3  per  cent)  were  the  a  ana  as  in  the  standard  median,  as  was 
also  the  pH  (6).    She  media  were  inoculated  with  cell  suspension  and 
incubated  for      hours.    The  membrane  weight  and  final  pi  value  were 
determined  in  each  culture. 

The  actual  weight  of  cellulose  was  lowest  (1.3  mg.)  in  cultures 
with  no  glucose  added  (Table  11).    The  membrane  weight  then  increased, 
reached  a  maximum  at  0.5  to  1  per  cent  glucose  concentration  and  de- 
creased as  the  glucose  content  sf  the  media  increased. 

The  exact  source  of  the  cellulose  that  formed  in  cultures  to 
which  no  glucose  had  been  added  was  not  known.    It  may  hare  been  due  to 
the  pretence  in  the  yeast  extract  of  a  slight  amount  of  hexoso.  Although 
the  tame  Quantity  of  yeast  extract  was  present  in  each  culture ,  there 
appeared  to  be  little  reason  in  calculating  cellulose  yields  to  take 
into  consideration  the  cellulose  production  which  might  be  attributed 
to  it.    The  membrane  weight  reported  for  the  other  cultures  was  not, 
therefore,  reduced  by  this  amount. 

Cultures  which  contained  0.2  per  cent  glucose  gave  the  highest 
value  (31  per  cent)  of  the  cellulose  yield  (Table  U),    The  yields  from 
ordures  of  Increasing  glueoss  content  decreased  rapidly  from  this  value 
to  the  lowest  value  (O.h  per  cent)  which  occurred  In  the  culture  contain- 
ing 10  per  oent  glucose.    The  weights  of  the  cellulose  membranes  pro- 
duced in  cultures  with  3,  6  and  10  per  cent  glucose  wore  approximately 
the  same. 


TABU  11 


HI  HFLUiilOl  OT  THB  CCWCSNTHATIOM  07  (JLUC0S3  19  THS  MIDIUM 
01  C3LLDL0SB  PRODUCT!  01  BY  A.  xyllntUB 


Slucose 

Cellulose 

Cellulose 

CenAitnt  Tftt 1 an 

*  A  UU.U.VOU 

T1*1<l 

f final) 

far  ) 

VSR.  / 

( Avfl  4} 
V*»W»  Ft 

0 

6.5 

1.3 

•  •  e 

6.5 

u  •  j 

1  4 

•  •  • 

6.5 

■  JS 

»  •  • 

0.2 

$4 

9.9 

31 

6.45 

10  0 

6  45 

1^  7 

0.5 

6.1 

12.3 

13.8 

6.0 

12.7 

6.1 

12.1 

1.0 

4.3 

12.4 

6.6 

4.1 

11.2 

4.25 

12.1 

3.2 

a 

1.2 

3.2 

6.6 

(M 

3.0 

7.8 

0.7 

3.0 

7.0 

3.0 

7.2 

10.0 

3.0 

7.6 

0.4 

Mil  ■e&itm: 

EHgPO^  ..... 

 0.3  per  cent 

Inocula:  One  milliliter  transfers  from  a  suspension 

of  a  3-day  growth  on  agar  slants 
Incubation:  forty-eight  hoars  at  30°C. 


Tinal  pH  values  decreased  in  the  saae  order  as  the  cellulose 
yields.    They  dropped  froa  a  high  of  6.5  ia  the  culture*  which  contained 
no  added  glucose  to  a  low  of  3-0  in  the  cultures  which  contained  6  and 
10  per  cent  glucose.    The  values  at  0  and  0.2  per  cent  glneose  presented 
a  rise  over  the  pH  of  the  original  media.    There  was  evidently  an  Increas 
ed  production  of  acid  in  cultures  of  high  glucose  content.    The  corres- 
pondence Between  the  final  pH  values  and  the  cellulose  yields  indicates 
again  the  relation  between  these  phenoaena. 

Toast  extract  or  yeast  water  has  a  well  known  anility  to  stiaa- 
late  the  growth  of  aany  aicroerganisas.    Toast  water  was  used  in  media 
for  growing  A.  xvllnua  in  the  original  experiments  of  Brown.  Different 
preparations  of  yeast  water,  and  probably  of  yeast  extract,  differ  in 
their  effect  on  cellulose  production.    Thus  Brown  obtained  only  3-8  mg. 
of  cellulose  froa  100  ml.  of  his  yeast  water  preparation  with  no  carbon 
source  added,  while  Tarr  and  Hibbert31  reported  an  average  yield  of 
66  mg.  froa  50  ml.  of  their  yeast  water  preparation.    This  variability 
of  the  material  limits  the  value  of  a  determination  of  the  concentration, 
optimum  for  yeast  extract.    However,  yeast  extract  from  a  single  commer- 
cial source  was  used  in  the  experiments  reported  in  thie  dlesertation. 

Toast  extract  has  a  buffering  action,  and  it  was  necessary  to 
▼ary  slightly  the  ratio  of  IHgFO^  to  KgHPO^  as  the  concentrations  of 
yeast  extract  were  increased  in  media  prepared  for  this  oxperiaent. 
The  media  were  adjusted  to  pH  6.2  t  0.1.    Olucose  concentration  was 
held  constant  at  1  per  cent,  and  phosphate  was  0.022  M  in  all  media. 
The  yeast  extract  concentrations  varied  froa  0.01  to  5  per  cent. 
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lo  cellulose  va«  produced  in  media  containing  0.01  per  cent 
yeast  extract  (fable  12) .    The  yields  increased  fro*  0.3  per  cent  (0.1 
per  cent  yeast  extract)  to  a  maximum  of  9.5  P«r  cent  (2.5  per  cent 
yeast  extract)  and  decreased  to  6.9  per  cent  (5  per  cant  yeast  extract). 

Again,  the  final  pH  values  followed  a  trend  similar  to  that  of 
the  cellulose  yields.    The  amount  of  cellulose  formed,  was  probably  par- 
tially controlled  by  the  increased  buffering  action  of  the  yeast  extract 
with  increasing  concentration. 

A  previous  experiment  (fable  9)  had  demonstrated  that  phosphate 
concentration  had  no  profound  effect  on  cellulose  yield.    This  was  veri- 
fied in  an  experiment  in  which  glucose  and  yeast  extract  concentrations 
were  held  constant,    fhe  concentration  of  phosphate  was  varied  by  adding 
increasing  Quantities  of  H^PO^  to  portions  of  the  medium  and  adjusting 
to  pH  6.6  *  0.1  with  I0H  solution.    This  value  of  pH  wat  ehosen  since 
the  medium  without  added  phosphate  was  found  to  be  at  pi  6.7,  and  pre- 
vious experience  had  shown  that  better  yields  were  obtained  with  am 
initial  pH  hi^ier  than  the  pH  6  normally  employed. 

After  inoculation  and  incubation  for  48  hours  the  celluloee 
yield  was  6  per  cent  la  cultures  without  added  phosphate  (fable  13). 
A  maximum  of  8  per  cent  cellulose  was  obtained  in  cultures  containing 
0.088  M  phosphate,  the  highest  concentration  represented,    fhe  same 
correlation  between  cellulose  yields  and  final  pH  values  that  had  been 
noted  in  the  experiments  with  glucose  and  yeast  extract  appeared  here, 
fhe  buffering  action  of  the  phosphate  evidently  influenced  cellulose 
production. 
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TABLE  12 

no  norms kci  or  thb  cgscshteatiow  cop  toast  sxthact  in  thb  medium 

OH  THB  PRCOtTCTIOir  OF  CELLULOSE  BT  A.  rrllnua 


Yeast  Extract 
Concentration 

pa 
(final) 

Cellulose 

Produced 

(mtf  \ 

v«g. ; 

Cellulose 

Tleld 

0.01 

3.7 

0 

... 

3.6 

0 

... 

3.0 

A 
V 

•  ♦  • 

0.1 

3.5 

0.4 

0.3 

3.5 

0.6 

4  sf 

3o 

0.5 

3.75 

10.4 

9.1 

8.5 

1.0 

4.5 

14.6 

8.1 

4.6 

13.8 

4.6 

15.1 

2.5 

5.5 

16.8 

9.5 

5.3 

16.9 

5.3 

17.* 

5.0 

5* 

12.1 

5.5 

12.3 

5.3 

12.7 

Basal  medium:  Glucose  1  per  cent 

Phosphate  .........    0.022  molar 

pH  6.2  ±  0.1 


Xnoeulas  One  Milliliter  transfers  from  a  suspension 

of  a  3-day  growth  on  agar  slants 

Incubation:  forty-eight  hours  at  30*0. 


TABU  13 


urn  iottotcs  o?  am  MMWBBMMWsT  fit  n  Hi  MMBM 

OH  THE  PRODUCTION  OP  CELLULOSE  BT  A.  aarllnmn 


Phosphate 
Concentration 
\noiar; 

pH 
(final) 

Cellulose 
Produced 

^«s>.  * 

Cellulose 
Tield 
\*»a»^/ 

0 

3.8 

11.1 

5.9 

3.9 

8.9 

TO 

.7.7 

11.8 

0.0011 

3.8 

11.7 

7.* 

3.9 

12.2 

1.9 

12.0 

0.011 

3.9 

13.4 

7.* 

4.0 

12.9 

0.022 

M 

13.7 

7.1 

13.0 

4.2 

11.7 

0.044 

4.4 

15.3 

4.4 

14.7 

4.4 

1*.5 

0.088 

4.7 

14.2 

i  3.1 

4.7 

14.4 

4.7 

15.2 

Basal  medium 


Toast  extract  1  per  cent 

Clucose    ......I  per  cent 

pH  6.6  ±  0.1 


Inocula : 


One  milliliter  transfers  froa  a  suspension 
of  3-day  growth  on  agar  slants 


Incubation: 


Jorty-eight  hours  at  30#C. 
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Ethanol,  whan  added  to  media  containing  glucose,  increased  cellu- 
lose formation.    Ho  cellulose,  however,  was  obtained  from  synthetic  media 

containing  asparagine  and  ethanol  alone  as  sources  of  carbon.^*  Mem- 
Ik 

hranes  Produced  in  cultures  containing  glucose  and  ethanol -1-0  or 
ethanol-2-0^  were  not  radioactive.10   Thus,  the  inclusion  of  ethanol  / 
in  media  containing  glucose  seems  to  sake  sere  glucose  available  for  the 
synthesis  of  cellulose. 

Conditions  considered  to  he  most  favorable  for  cellulose  produc- 
tion were  employed  in  investigating  the  Influence  of  ethanol  concentration 
en  cellulose  yield.    The  basal  medium  contained  0.2  per  cent  glucose 
and  2.5  per  cent  yeast  extract.    An  initial  pH  of  6.7  vat  obtained  with 
0.044  molar  phosphate.    Bthanol  concentrations  in  four  sets  of  media 
were  0,  0.6,  1.2  and  2.4  per  cent. 

The  cellulose  yield  after  48  hours  incubation  was  21  per  cent 
in  cultures  without  ethanol  (Table  14).    This  Increased  to  43.6,  then 
dropped  to  40.6  per  cent  in  cultures  which  contained,  respectively, 
1.2  and  2.4  per  cent  ethanol.    These  values  were  calculated  entirely 
on  the  basis  of  the  glucose  present. 

The  correlation  between  cellulose  yields  and  final  pH  values 
observed  in  the  three  preceding  experiments  was  not  reproduced  in  the 
ease  of  ethanol.    Although  the  presence  of  ethanol  in  the  cultures 
resulted  in  lower  values  of  the  final  pH,  the  stimulation  of  cellulose 
formation  by  the  ethanol  apparently  outweighed  the  adverse  effects  of 
pH. 
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TiSXA  3* 


US  OTLTOHCB  OP  THB  COSCMTaATIOH  07  3TMXQL  II  TBB  H3DIUM 
Off  THE  PRODUCT  ICS  07  CELLULOSE  BY  A.  xrllnua 


Ithanol 
Concentration 

<*> 

(final) 

Cellulose 
Produced 

fm*l 

Cellulose 
Yield 
UTg.5t) 

V 

8.1 

7.1 
8.1 

21 

0.6 

6.4 

« 

13.5 
14.5 
13.4 

38.4 

4  6 

15.2 
16.4 
15.6 

43.6 

2.4 

M 

14.7 
13.9 
13.1 

40.6 

Basal  medium: 

least  extract  . 

Phosphate     .  . 

• 

« *  •  •••  •♦M* 

.  .  .  .  6 

Xnoculai  One  milliliter  transfers  from  a  suspension 

of  a  3-day  growth  on  agar  slants 

Incubation:  Torty-elght  hours  at  30°C. 


The  Sat*  of  Cellulose  formation  is  Culture* 
of  Acetobacter  xyllnum 

Long  -periods  of  incubat  ion  hare  generally  been  en-ployed  for  the 

i 

production  of  cellulose  by  A.,  xyllnum.  Brown  incubated  hie  cultures 
for  16  days.  Ihouvine1^  used  inoabat ion  periods  up  to  21  days.  Tarr 
and  Hibbert"'1  reported  that  10  days  were  necessary  for  maxiiaun  cellu- 
lose production. 

Certain  disadvantages  are  associated  with  the  use  of  lengthy 
incubation  tines.    The  delay  in  obtaining  data  prolongs  the  research. 
Requirement*  for  space  and  equipment  are  increased.  Furthermore, 
moisture  loss  from  the  cultures  during  incubation  is  considerable  and 
causes  variation  in  the  concentrations  of  media  components. 

The  primary  factor  controlling  the  rate  of  cellulose  production 
Is  probably  the  sis*  of  the  inoculum.    This  was  indicated  by  observa- 
tions mad*  in  connection  with  the  experiment  relating  cellulose  yield 
to  the  else  of  the  inoculum  (Table  5).         desirability  of  reducing 
the  incubation  period  led  to  a  study  of  the  rate  of  cellulose  formation 
when  a  large  inoculum  was  employed. 

t 

Glucose  and  aannitol  were  used  as  carbohydrate  substrates  in 
separate  media  for  studying  the  rate  of  cellulose  formation.    The  media 
each  contained  yeast  extract  (1  per  cent),  carbohydrate  (1  per  cent) 
and  Z&jPO^  (0.3  per  cent)  at  a  pi  of  6.0  i  0.1.    The  organisms  for  the 
inoeula  (cell  suspensions)  had  been  propagated  in  broth  culture  and  on 
slants  which  contained  the  same  carbohydrate  as  the  medium  they  served 
to  inoculate.    Cellulose  yields  and  final  pE  values  were  determined  at 
Intervals  during  the  Incubation  period. 
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A  small  amount  of  cellulose  formed  in  both  types  of  media  dur- 
ing the  first  12  hours  of  incubation  (Tables  15  and  16) .  Cellulose 
formation  proceeded  at  a  sore  rapid  rate  in  the  medium  containing 
glucose.    The  maximum  yield  of  cellulose  in  the  glucose  medium  was 
obtained  in      hours  or  lees.    Maximum  yield  in  the  mannltol  medium 
was  reached  at  a  later  time,  probably  between  72  and  96  hours.  The 
final  yield  in  both  instaacee  was  aTroroximately  10  per  cent.  However, 
the  final  yields  of  cellulose  in  the  cultures  containing  glucose  was 
higher  than  that  usually  obtained  with  this  medium. 

The  fall  and  rise  of  the  pi  characteristic  of  the  cultures 
containing  glueose  did  net  occur  in  media  containing  mannitol.  In 
these  the  pH  Increased  only  half  of  a  pH  unit,  from  6  to  6.5,  during 
the  entire  192  hours  of  incubation.    Fructose,  known  to  be  produced 
By  A.  xrllnnm  through  the  oxidation  of  mannitol,  apparently  was  not 
metabolised  to  acidic  substances. 

A  slight  decrease  in  the  weight  of  cellulose  in  older  cultures, 
evident  in  the  cultures  containing  mannitol,  had  been  previously  ob- 
served with  cultures  containing  glueose  (Table  9) .    The  decrease  is 
slight  and  may  hare  no  significance.    However,  it  is  believed  to  be 
associated  with  the  loss  of  vitality  of  the  culture  rather  than  a 
reversal  of  the  cellulose  synthesizing  reaction. 

The  Influence  of  Adaptation  of  the  In o aula  en  Cellulose  Production 

by  Acetobapter  xyllnum 

If  cellulose  synthesis  by  A.  xyllnum  proceeds  through  a  single, 

low  molecular  weight  precursor,  then  all  of  the  substrates  which  can  be 


TABLE  15 


TBS  BATES  Of  TORMiTIOT  OF  0ELLDLO3S  BY  A.  xrllnsus  IK  A  MEDIUM 

COHTAIHIHO  GLU0083 


Incubation 
Period 

(Hours) 

pH 
(final) 

Cellulose 

* IvUttvOU 

(»*.) 

CellalOM 
Tield 
(at*,*) 

12 

k.k 

1.6 

1 

It.  h. 

1  8 

1.7 

n 

3.8 
3.8 

8.* 

4.7 

3.8 

8.8 

*J 

18.2 

10 

4.7 

if  f 
*f »  r 

M 

17.8 

n 

5> 

17.3 

9.8 

5.5 

16.8 

5.2 

18.7 

* 

5.* 

18.1 

9.2 

5.* 

17.1 

fc.9 

14.6 

120 

5.* 

17.8 

5.5 

16.7 

5.7 

19.5 

14* 

5.7 

20.1 

*• 

5> 

16.4 

5.6 

17.2 

.  1  per  cent 
,  1  per  cent 
0.3  per  cent 

 6 

a  suspension 
*«  contain  - 


Medium: 


Inocula: 


Incubation: 


Teaet  extract 
Glucose  .  .  . 

*v%  •  •  - 

p*  


One  milliliter  transfers  from 
of  a  3 -day  growth  on  agar  slan 
ing  glucose. 

At  }f0. 


TaBL>:  16 


Tttg  BATS  07  70HMA7I0J!  07  C7.LLUL09S  BY  4.  xrllnOM  IU  A  MSDIW 

cowaxitw  wuorif ol 


Incubation 
Period 
(Hours) 

(final) 

Cellulose 
Produced 
(ax.) 

Cellulose 

Yield 
(Are*.  $ ) 

12 

Ml 

6.1 

1.3 

0.8 

6.1 

1.2 

6.1 

1.3 

2A 

6.3 

3.5 

1.8 

6.3 

3.1 

6.3 

3.1 

m 

6.3 

7.0 

A.l 

6.fc 

6.A 

7.8 

m 

M 

10.1 

6.A 

6.5 

12.1 

6.5 

11.9 

H 

6.5 

17.3 

10.3 

6.6 

20.9 

6.5 

16.8 

192 

6.5 

9.0 

6.5 

16  .a 

17.1 

.  1  per  cent 
.  1  per  cent 
0.3  per  eent 

....  5.9 

Inoeula:  One  milliliter  transfers  froa  a  suspension 

of  a  3-day  growth  on  agar  slants  contain- 
ing sannltol. 

Incubation:  At  30%C 


Medina:  Yeast  extract 

Mannitol    .  . 

ny^  .  .  .  . 

t»St  


* 

converted  to  cellulose  by  thle  organism  nut  be  metabolised,  to  some 
extent,  to  thle  precursor.    Those  substrates  which  font  the  largest 
amounts  of  cellulose  might  be  expected  to  hare  a  structure  more  closely 

resembling  that  of  the  precursor.    Higher  yields  hare  been  reported 

It  *il 

from  mannltol  and  fructose  than  from  glueoee.  M     Since  mannltol  is 
oxidised  to  fructose  by      xrllnum.  these  higher  yields  might  indicate 
that  fructose  ie  closer  to  the  precursor  than  glucose.    [The  higher 
yields  might  also  be  caused  by  other  factors,  one  possibility  being 
the  maintenance  of  a  more  favorable  pH  in  the  fructose  medium.]  The 
results  obtained  when  cells  which  had  been  grown  on  one  substrate  were 
Inoculated  into  media  containing  the  other  substrates  might  provide 
clues  to  the  pathway  of  cellulose  synthesis. 

Three  media  were  prepaftaft  which  were  identical  except  that 
different  carbohydrate  substrates  were  employed  in  each.    All  contained 
yeast  extract  (1  per  cent),  IH^PO^  (0.3  per  cent)  and  carbohydrate  (1 
per  cent  glucose,  manmitol  or  fructose). 

The  organisms  were  grown  in  stock  cultures  containing  the  same 
carbohydrate  as  the  agar  slant  to  which  they  were  transferred  for  the 
preparation  of  lnocula. 

Three  flacks  of  each  media  were  inoculated  with  cells  which  had 
been  adapted  to  each  of  the  three  substrates.    Cultures  ware  incubated 
for  48  hours,  and  cellulose  content  and  final  pi  values  were  determined. 

The  final  pH  values  were  uniform  in  each  medium  and,  evidently, 
ware  little  affected  by  the  adaptation  of  the  lnocula  to  different 
carbohydrates  (Table  17).    Alto,  there  were  only  slight  variations 


TABU  1? 


THX  IS7LUSN02  07  THB  AD  APT  ATI 01  07  THJ  DTOCUU  01  CSLEOLOSS  70R1UTI0H 
BT  ±.  xrlinna  II  0LUC03S,  HASHITOL  AID  7RUCT0S8  MEDIA 


Test  Medio* 

Calif  Adapted 

pH 

Cellulose 

Tield,  $ 

to 

f final) 

(wrs.) 

Average 

Olueose 

Glucose 

4.2 

14.  V 

a  1 
o.x 

14.0 

j 

15  .o 

8.0 

Fructose 

4.05 

1^.5 

1  1 4  4 

VI4J 

14.0 

Mannitol 

4.1 

13.6 

7.0 

12.1 

12.0 

Fructose 

Glucose 

6.7 

! 

12.5 

7.0 

6.3 

15.9 

7.1 

9.5 

Fructose 

6.2 

*  A  Ml 

18.7 

10.5 

6.2 

19.0 

6.2 

19.0 

6.4 

Nannitol 

6.2 

11.3 

6.2 

12.4 

6.2 

10.9 

■ 

Mannitol 

Glucose 

6.3 

13.5 

7.6 

6.3 

13.7 

6.3 

13.5 

Fructose 

6.3 

17.8 

10.0 

6.3 

18.1 

6.3 

18.7 

Mannitol 

6.25 

15.3 

8.2 

6.25 

15.2 

6.2 

1 

14.6 

Basal  medium:        Taut  extract  1  per  cent 

132?%  0.3  per  cent 

pi  6 


Inocula:  One  Milliliter  transfers  from  a  suspen- 

sion of  a  three-day  growth  on  an  agar 
slant  containing  the  hexose  to  which  the 
eel Is  were  adapted. 

Incubation:  7orty-eight  hoars  at  30*0. 


in  cellulose  yield*  from  cultures  containing  glucose.    Howerer,  definite 
differences,  nrebably  attributable  to  adantation  of  the  inoeula,  were 
obtained  in  media  containing  mannitol  or  fructose. 

Adaptation  of  the  cells  to  glucose  ameared  to  hare  little  in- 
fluence on  their  ability  to  produce  cellulose  froa  the  three  substrates. 
Adaptation  to  fructose  improved  the  cellulose  production  froa  fructose 
and  mannitol.    Cells  which  were  grown  in  mannitol,  unexpectedly,  formed 
less  cellulose  in  the  mannitol  medium  than  did  the  cells  grown  in  fruc- 
tose.   Also,  mannitol-adapted  cells  formed  the  least  amount  of  cellu- 
lose la  the  fructose  and  glucose  media.    These  results  indicate  that  the 
ability  of  colls  to  synthesize  cellulose  is  somehow  decreased  when  they 
are  grown  in  mannitol.    They  also  vroride  evidence  that  the  oxidation 
of  mannitol  is  prerequisite  to  cellulose  formation  froa  this  substrata. 
Otherwise,  a  greater  product ion  of  cellulose  froa  mannitol  with  lnoeula 
adapted  to  fructose  than  with  inocula  adapted  to  mannitol  would  hardly 
bo  expected. 

Since  cellulose  was  determined  only  after  k8  hours  incubation, 
it  cannot  be  known  whether  the  amounts  of  cellulose  obtained  represented 
the  maximum  yields  in  the  cultures.    Studies  of  the  rate  of  cellulose 
formation  and  adaptation  of  the  cells  to  a  larger  number  of  substrates 
would  be  desirable  if  experiments  of  this  type  were  undertaken  in  the 
future. 
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Exploratory  Experiments  on  the  Effect  of  Metabolic 
Inhibit ore  on  Celluloee  Production 
by  Acctpbacter  xylinum 

An  investigation  of  the  influence  of  inhibitors  on  cellulose 
production  by  A.  Xvlinnm  was  incidental  to  the  uajor  part  of  this  disser- 
tation.   Inhibition  studies,  particularly  ones  involving  competitive 
inhibition  by  compounds  structurally  similar  to  substrates  known  te 
be  converted  to  cellulose,  should  he  informative.    However,  their  value 
would  be  enhanced  If  they  were  conducted  in  chemically  defined  media 
or  with  ensyme  ^reparations. 

The  modes  of  action  of  three  of  the  inhibitors  employed  here 
have  been  extensively  studied.    The  cyanide  ion  is  inhibitory  to  enzyme 

systems  dependent  on  metallo-proteins  such  as  occur  in  the  cytochrome 
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system.      Xnsymes,  Including  phosphatases,  lipases  and  carboxylases, 

28 

requiring  metal  activators  are  Inhibited  by  fluoride  ion.  The  competi- 
tive inhibition  by  malonie  acid  of  succinic  dehydrogenase  in  the  Krebs 

29 

cycle  of  oxidative  metabolism  has  been  throughly  Investigated.  9  The 

role  of  bisulfite  ion  le  not  so  well  defined.    It  le  known  to  inhibit 
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cysteine  desulfhydrase     and  effects  due  to  its  ability  to  add  to  alde- 
hydle  compounds  and  to  its  potential  for  oxidation  or  reduction  might 
be  expected. 

The  media  used  in  these  experiments  were  similar  to  the  standard 
medium  (p.  9)  except  that  mannitol  was  substituted  for  glucose.  Stock 
cultures  which  were  used  for  inocula  varied  in  age  between  experiments 
but  were  of  uniform  age  for  individual  experiments.    Membranes  were 
treated  with  1  per  cent  HaOH  by  boiling  under  reflux  for  8  to  10  hours. 


leither  Initial  nor  final  pH  ralues  were  determined  in  these  cultures. 

No  effect  on  cellulose  yiold  was  observed  in  cultures  to  which 
Id,  In?  and  aalonic  acid  wore  addod  separately  at  0.003  II  concent  rations 
(Table  18).    The  inhibitors  were  added  after  three  days  of  incubation. 


TABU  18 

CBILULOSB  PHODTJCBD  IH  CULTORJS  OOITABJIW  ML  la?  ASD  MALOTIC  ACID 
ADDSD  AFTER  THESES  SATS  IHCUBATION 


Cellulose  in  Teot  Cultures  after  7  Day* 


After  3  Days 

After  7  Day* 

lOf 

(0.003  M)  ...... 

 -, 

IaT 

(0.003  16 

Malonic  Acid 

(0.003  M) 

13.8 
14.3 

26.4 
21.3 

26. 

25.: 
29  4 

9 
$ 

25.8 
25.6 
26.0 

27.6 
23.8 
21.6 

legal  median: 


Inoculat 


Incubation: 


Teaet  extract  1  P«r  ovnt 

Kannitol  1  por  cent 

KHgPOj^  0.3  per  cent 

P*   *  6 

One  milliliter  transfer*  from  stock 
cultures 


At  30-0. 


When  the  same  inhibitors  were  added  at  the  same  concentrations  to 
cultures  which  had  been  incubated  only  24  hours,  no  cellulose  was  obtain- 
ed In  the  cultures  which  received  KOI  (Table  19).    Malonic  acid  and  let 
had  no  effect. 


~  HB£  19 


CSLUJL0S3  PRODUCED  XV  0BLTUBJS  COSTAIJJMG  Id,  Ml  AID  MALOKIC  ACID 
ADDSD  KTTSR  2k  HOURS  INCDBATIOS 


Cellulose  la  Control* 

(ag.) 


Cellulose  in  feet  Oulturee  After  11  Says 

<**.) 


After  11  Days 

m 

(0.003  It) 

Xcjr 

(0.003  *) 

Maloaic  Aeld 
(0.003  M) 

9.9 

I* 

18.5 

19.8 

18.4 

18.1 

19.5 

17.7 

Cellulose 

17.5 

20.2 

20.9 

Formed 

Basal  medium: 


Teast  extract  1  per  cent 

Kannitol   1  per  cent 

K^PO^  0.3  par  cent 

pH  6 


Inocula: 
Incubationt 


One  milliliter  transfers  from  stock  cultures 
At  30#C 


Sodium  bisulfite  (0.05  N  and  0.005  N)  gare  practically  complete 
inhibition  of  cellulose  production  when  introduced  into  aannitol- 
containing  cultures  after  2  daye  incubation  (fable  20). 

An  apparent  stimulation  of  cellulose  formation  was  observed  with 
0.005  M  anionic  acid  (fable  21) .  The  cultures,  containing  maanitol,  had 
been  inoculated  2k  hours  prior  to  the  addition  of  anionic  acid. 

The  information  obtained  in  these  experiments  was  too  meager  for 
interpretation.    This  is  particularly  true  since  effects  on  cellulose 
production  could  not  be  differentiated  from  effects  oa  ore rail  cell  metabo* 
Ilea.    The  stimulation  of  cellulose  formation  apparently  due  to  malonlc 
acid  was  considered  to  be  worthy  of  further  investigation. 


TABU  20 

CELLULOO  nOBUm  JM  CTJLTUR3S  COKTADCDW  MWL  ADD3D 

TWO  DATS  IHCUBATION  * 


Cellulose  in  Controls     j  Cellulose  in  Test  Cultures  After  11  Days 


II 

After  2  Days 

After  11  Days 

| 

laHSOn 
>,05  IT) 

HaHSCU 

(otoort) 

8.0 
11.0 
9.2 

21.5 

*3 

22.8 

7.3 
6.1 

7.3 

9.1 
6.1 
8.* 

Basal  medium: 


Inocula: 

Incubation: 


Yeast  extract  1  per  cent 

Mannitol  1  per  cent 

KHgPOij,  0.3  per  cent 

Pi  6 

One  milliliter  transfers  from  stock  cultures 
At  30*0. 


TABLE  21 

CmULOSB  FRCDTXZHD  IN  C0LTDR3S  00WAIBI10  KALOKIC  ACID  ADDSD 
ATTBS  2k  HOURS  U0UBATIOV 


'II11.1,  II1  'Ml'  I    II     ■  — W            Ill  1       M  Hi— 

Cellulose  in  Controls  After  10  Days 

Cellulose  in  Test  Cultures  After  10  Days 

<**.) 

(as.) 

Malonic  Acid  0.005  11 

16.2 

21.5 

IM 

2*.7 

17.5 

22.0 

Basal  medium:           least  extract  . 

.  *  .  •  • ' •  1  per  cent 

PH  

.  .,  6 

Inocula i 
Incubation J 


One  milliliter  transfers  from  stock  cultures 
At  30#C 


The  Influence  of  Malonate  on  Cellulose  Production 
in  Media  Containing  Glucose, 
Tract oee  and  Mannitol 

A  stimulatory  effect  of  malonic  acid  on  cellulose  synthesis  la 
media  containing  mannitol  had  been  noted  in  the  experiment •  with  meta- 
bolic inhibitor*  (Table  21) .    A  broader  investigation  was  undertaken  to 
verify  these  results  and  to  extend  the  study  to  media  containing  glucose 
and  fructose. 

The  basal  media  employed  were  the  same  as  those  used  In  the 
adaptation  experiments  (p.  kZ) .    Malonic  add  solutions  were  prepared 
and  adjusted  to  pH  6  with  KOS.    Half  of  the  test  media  received  malonate 
at  three  levels  of  concentration  (0.002k  M;  0.0OW  Ms  0.00?2  M)  before 
inoculation.    The  addition  was  made  to  the  other  half  of  the  cultures 
after  12  hours  incubation.   At  this  time  volumes  of  sterile,  distilled 
water  equal  to  the  volumes  of  malonate  solution  used  were  added  to  those 
flasks  not  receiving  malonate.    Thus,  all  the  cultures  were  handled  in 
a  uniform  manner. 

The  inoeula  were  taken  from  cell  suspensions  prepared  from  a 
three-day  growth  on  agar  slants.    The  agar  slants  each  contained  the 
same  carbohydrate  as  did  the  medium  into  which  the  cells  were  transferred 
in  order  to  assure  adaptation  to  the  individual  substrates. 

The  cult ares  were  Incubated  a  total  of  48  hours.  Cellulose 
weight  was  determined  in  each  culture  and  a  final  pfi  value  obtained  on 
the  composite  media  from  triplicate  cultures. 

The  amount  of  cellulose  produced  in  the  cultures  containing  fruc- 
tose and  mannitol  was  very  small.    The  average  amount  in  triplicate  eul- 
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tares  did  not  exceed  4.5  iag. ,  and  the  maximum  yield  in  a  single  culture 
was  6.4  ag.  The  reason  for  this  decreased  yield  is  not  known,  out  it 
is  hollered  to  he  associated  in  some  Banner  with  the  disturbance  of  the 
membranes  at  the  12-hour  addition  of  aalonate  and  water.  The  amount 
of  cellulose  produced  in  cultures  containing  glucose  was  also  less  than 
normal  (7.8,  10.3  and  9.7  ag.  in  the  controls),  hut  here  the  effect  was 
less  pronounced. 

though  a  slight  increase  in  cellulose  with  Increasing  aalonate 
concentration  appeared  in  the  gluoose  media,  an  interpretation  of  the 
results  of  the  experiment  seeaed  useless  in  view  of  the  low  yields  noted 
above.    The  experiaent  was  therefore  repeated,  omitting  the  12-hour 
addition  of  aalonate  to  avoid  disturbing  the  cultures  during  incubation. 

The  weights  of  cellulose  produced  in  this  experiaent  were  closer 
to  the  normal  values  (Table  22).    The  cellulose  production,  however, 
in  the  cultures  containing  fructose  were  again  somewhat  low. 

Cultures  containing  aannitol  were  essentially  unaffected  by  the 
addition  of  aalonate.   A  slight  downward  trend  in  membrane  weights  la 
cultures  containing  fructose  and  a  slight  upward  trend  in  cultures  con- 
taining glucose  corresponded  to  Increasing  aalonate  concentrations  in 
these  media. 

The  final  pE  values  also  appeared  to  he  influenced  by  the  pres- 
ence of  aalonate.    A  small  deereaee  in  these  values  with  increasing 
concentration  of  aalonate  was  evident  in  cultures  containing  aannitol 
and  fructose.    An  opposite  effect  was  noted  in  the  glucose  medium. 


TAM»  22 


fWt  lSyLUgNOl  0?  Mil  OTIC  ACE)  01  OTLKJIiOSl  PWDUOTIOI 
II  CULTDH3S  Of  ryltMMI 


Malonic 
Aeid 

PB 

(final) 

Cellulose  Produced 

<«*.) 

Cellules*  Yield 

t ration 

** 

r 

t 

I 

r 

0 

g 

f 

0 

0 

••3 

6.0 

4.1 

20.6 
19.0 
19.4 

14.0 
13.7 
13.7 

12.6 
12.4 
23.1 

11.1 

7.7 

6.9 

0.0024 

6.3 

5.9 

4.1 

20.2 

19.3 
19.8 

11.9 
13.1 
13.0 

13.9 
34.2 
13.2 

11.2 

7.1 

7.7 

0.0048 

6.25 

5.85 

4.3 

19.6 
18.7 
20.0 

12.0 
15.2 
12.1 

16.2 
15.5 
15.5 

10.9 

6.7 

8.7 

0.0072 

6.2 

5.9 

4.9 

20>1 

19.5 
18.3 

U.5 
11.6 
11.1 

16.4 
24.4 
16.7 

10.8 

6.3 

9.2 

*M  m  Mannitol,  P  «  Fructose,  0  «  Olucose. 
Basal  Medium t 


In oca la: 


Teast  extract  1  per  cent 

KHgPOj^  0.3  per  cent 

Mannitol.  fructose  or  glucose  added  at  1  per  cent 
concentration.    Malonic  aeid  solution,  adjusted 
to  pH  6  with  TOR,  was  added  before  inoculation. 

One  milliliter  transfers  from  cell  suspensions 
prepared  from  a  3-day  growth  on  agar  slants.  lbs 
carbohydrate  in  the  slants  was  the  sane  as  the 
media  inoculated. 


Incubation: 


Forty-eight  hours  at  30*0. 
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The  Influence  of  mlonate  on  cellulose  production  by  4.  xyllntxa 
was  much  smaller  than  anticipated  on  the  basis  of  the  preliminary  experi- 
ment.   Contrary  to  expectations,  the  greatest  effect  was  obtained  in 
glucose  media,  and  this  effect  could  be  explained  by  a  buffering  action 
of  the  malenate  similar  to  that  obs erred  with  increasing  phosphate 
concentrations  (fable  13).    Only  the  effects  of  malonate  present  In 
the  media  before  inoculation  can  be  eoneidered  to  hare  been  satisfacto- 
rily demonstrated.    The  ef foots  of  a  post-inoculation  addition  of  malon- 
ate remain  in  doubt. 


CHAPTER  III 


THE  PRODUCTION  0?  CELLULOSE  BT  Acetobacter  xyllnum  DT 
CHEMICALLY  UHFXffiSD  MEDIA 

Preliminary  Observations 

Tarr  and  HibberP1  report  «d  cellulose  f  onset  ion  by  ^.  xyllntm 
in  chemically  defined  media  containing  L-asparagine  as  the  nitrogen 
source.    Sarly  attempts  in  this  research  to  reproduce  their  results 
were  unsuccessful.    No  immediate  explanation  of  this  failure  could 
be  made.    Hoverer,  the  procedures  employed  were  not  completely  identi- 
cal.   Tarr  and  Hibbert  used  yeast  water  in  their  stock  cultures  and 
inoculated  the  asparagine  medium  with  a  dilution  of  a  stock  culture. 
On  the  other  hand,  in  this  research  yeast  extract  was  employed  in  the 
stock  cultures,  and  washed  cells  from  these  cultures  served  as  inocula. 
A  reason  for  the  failure  to  obtain  growth  might  be  the  exclusion  from 
the  medium,  or  removal  from  the  cells  by  the  washing  procedure,  of  seam 
necessary  growth  factors. 

Experiments  were  performed  to  determine  the  effect  of  added 
growth  factors  on  cellulose  production  in  the  asparagine  medium.  The 
basal  medium  contained  L-asparagine  (OJL  per  cent),  glucose  (1  per  cent), 
KHgPO^  (0.5  per  cent)  and  NaCl  (0.1  per  cent).    The  compounds  to  be 
tested  were  added  to  approximately  10  ml.  volumes  of  this  medium  in 
test  tubes.    A  suspension  of  washed  cells  from  a  stock  culture  provided 
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the  inoeula.    Tubes  of  modi  us  containing  yeast  extract  were  inoculated 
along  with  the  toot  cultures  to  insure  the  ability  of  the  cello  to  pro- 
duce cellulose. 

Of  the  compounds  tooted  in  this  Banner,  j>-amlnobensoic  acid, 
caletaa  pantothenate  and  folic  add  resulted  in  growth  and  pellicle 
forn&tion  (Table  23).    Growth,  but  no  pellicle,  was  obtained  in  tubes 
to  which  a  combination  of  thiamin,  riboflavin,  niacin  and  pyridoxin* 
had  been  added.    The  addition  of  purines  or  pyrimidlnes  did  not  result 
in  growth. 

The  choice  by  Terr  and  Hibbert  of  L-asparegine  as  a  nitrogen 
source  appeared  to  be  quite  arbitrary.    Other  amino  acids  might  serve 
equally  well  in  this  capacity,  and  the  following  experiment  was  intended 
to  test  this  possibility. 

A  basal  medium  consisting  of  glucose  (1  per  cent),  an^PO^  (0.3 
per  cent),  calcium  pantothenate  (0.01  per  cent)  and  folic  acid  (0.008 
per  cent)  was  prepared  and  sterilised  by  filtration.    The  following 
amino  acids  were  added  to  10  ml.  volumes  of  this  medium  at  the  conceit- 

■ 

t rations  indicated t 

L-Arginine  monohydrochloride  .  .  .  1  mg./ml. 

DL-Alanine  1  mg./ml. 

L-Proline    .......  1  mg./ml. 

DL-Serine    1  mg./ml. 

DL-Threonine  ,    1  mg./ml. 

Glycine  1  mg./ml. 

^Tryptophane    0.5  mg./ml. 
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TABUS  29 


mrmiaOM  or  growth  factors  oh  growth  ahd  psllicls 

fORMATIOH  Of  A.  xjllnua 


Compound  Added 

u  one  en  *  ra  &i  on 
vmg./mi.; 

Response 

u 

Thiamin  nitrate 

u.uxo 

Riboflavin 

ft  Ml 
U.UXO 

f lac in 

0.5 

Pyridoxin* 

0.01 

♦ 

2. 

£-Aminob«nzoic  Mid 

0.1 

3. 

Calcium  pantothenate 

0.1 

+ 

folic  acid 

0.1 

♦ 

5. 

Rutin 

0.03 

m 

6. 

Adenine  sulfate 

0.03 

7. 

Cytoslne 

0.03 

8. 

Kyooxanthlne 

0.03 

9. 

Uracil 

0.03 

10. 

Guanine 

0.1 

11. 

Xanthine 

0.1 

• 

12. 

Combination  of  3,  6,  7.  8  and  9 

0.03  (each) 

• 

13. 

Combination  of  2,  3,  b,  10  and  £ 

L 

0.04  (each) 

Ik. 

Conbinatien  ef  3  and 

0.08  (each) 

♦ 

♦  Indicates  growth  and  pellicle  formation;  -  Indicates  neither  growth 
nor  pellicle  formation;  t  indicates  growth  only. 


Basal  medium:        l>Asparagine  0.1  per  cent 

Glucose  1     per  cent 

HaOl  .0.1  per  cent 

KR^PO^  «  0.5  per  cent 

Inoeulai  One  milliliter  transfers  from  a  suspension 

of  washed  cells  prepared  from  stock  cultures 

Incubation  At  30*  0.    The  tubes  were  obserred  for  periods 

up  to  10  days. 
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These  tubes,  together  with  control  tubes  containing  only  the  basal  medium, 
vere  inoculated  with  a  suspension  of  washed  cells  froa  a  stock  culture. 

Cell  increase  and  pellicle  fo  mat  ion  occurred  in  all  tubes  except 
that  to  which  DL-threonine  had  been  added.    Growth  alone  was  obtained 
la  this  tube.    Unfortunately,  however,  growth  and  pellicle  formation 
was  found  in  the  control  tube  to  which  no  amino  acid  had  been  added. 
An  explanation  of  this  remit  nay  lie  la  the  utilisation  of  nitrogenous 
compounds  made  available  by  lysis  of  the  cells  of  the  inoculum.  The 
abnormally  high  concentration  of  the  vitamins  might  also  hare  been  a 
factor. 

Although  it  appeared  that  other  amino  adds  might  serve  as  well 
as  asparagine  as  a  nitrogen  source  for  A.  ryllnna.  a  complete  investi- 
gation of  this  matter  was  outside  the  scope  of  this  research. 

The  Influence  of  Calcium  Pantothenate,  £-Aminobensoie 
Acid  and  Mac  in  on  Cellulose  Production 
la  Chemically  Defined  Media 

26 

Bao  and  Stokes     reported  on  the  nutritional  requirements  of 
several  species  of  the  genus  Acetobacter.    They  found  that  A.  xrllnum 
produced  a  pellicle  when  grown  in  a  medium  containing  only  ammonium 
sulfate,  glucose,  phosphate  and  minerals.    The  inoeula  were  taken  froa 
cell  suspensions  prepared  froa  the  growth  on  agar  slants  containing 
yeast  autolysate.    They  also  reported  that  strains  of  A.  suboxydans 
exhibited  demands  for  growth  factors  which  could  be  eatisfied  by 
pantothenic,  £-aminobensoie  and  nicotinic  adds. 
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An  investigation  of  the  effects  of  these  vitamins  on  cellulose 
production  by  A.  xyllnum  was  undertaken.    The  same  quantitative  tech- 
nique was  employed  which  had  been  used  in  experiments  with  media  con- 
taining yeast  extract. 

The  nasal  medium  for  the  first  of  these  experiments  differed 
in  several  respects  from  that  used  in  the  preliminary  work  (p.  52) . 
The  concentration  of  glucose  was  increased  to  2  per  cent*  and  ethanol 
(0.5  per  cent)  and  trace  elements  were  included  in  the  medium.  The 
trace  element  solution  had  the  following  composition*   KgSO^  •  7  ^0, 
10  g.;  IfaSO^HgO.  0.1  g.{  feSOj^?  HgO,  0.1  g.|  and  HG1  (cone),  3  ml., 
made  to  100  ml.  with  distilled  water.    One  milliliter  of  this  solution 
was  added  to  1  liter  of  medium.    The  vitamins  were  introduced  into  the 
culture  flasks  "before  Inoculation.    Their  concentrations,  separately 
and  in  combination,  in  the  media  were  for  calcium  pantothenate  and  2" 
asdnobensole  acids,  1  jjamma  per  ml.,  and  for  niacin,  2  fiwnmas  P*r  al* 

The  initial  pH  was  6  in  every  case  except  that  a  duplicate  of 
cultures  containing  all  the  vitamins  was  adjusted  to  pH  6.8.    The  inocula 
were  1  ml.  transfers  from  a  suspension  of  a  3-day  growth  on  agar  slants. 
The  cultures  were  incubated  k8  hours  before  final  pH  values  and  cellu- 
lose weights  were  determined. 

Cellulose,  in  contradiction  of  the  results  of  preliminary  experi- 
ments, formed  in  cultures  which  had  received  no  vitamins  (Table  2k), 
The  amount  of  cellulose  produced  in  media  which  contained  a  combination 
of  calcium  pantothenate  and  niacin  or  of  the  three  vitamins  was  slightly 
greater  than  in  the  other  cultures.    A  medium  containing  niacin  alone 
was  not  tested. 
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TABUS  2* 

0?  CALCIUM  PABTOTHSHATS,  ^AKHOBBiraOIC  ACID  AHD  5IA01I 

CBLLULOSa  PRODUCT I 01  (tfHfWASHED  IHOCULA) 


Calcium 
Pantothenate 

£-Amindben-! 
sole  Acid 
gamoa/al. 

fit  a/,4  n 

gamma/ml. 

pH 

(final) 

Cellulose 

Produced 

(mg.) 

Cellulose 

Yield 

(AYf.*) 

0 

A 

V 

A 

2.8 
2.8 

6.4- 
6.8 

1.7 

1 

0 

2 

2.8 

2.8 

7.4 
8.2 

4.3 

0 

1 

2 

2.8 
2.8 

6.4 
6.8 

3.T 

1 

1 

2 

2.8 

2.8 

8.4 
8.1 

4.6 

1* 

1 

2 

3.2 
2.9 

8.6 
8.7 

4.8 

Basal  mediumi 


Inoeulat 


L-Aeparagine    0.1  per  cent 

Glucose  2.0  per  cent 

Bthanol  0.5  per  cent 

Phosphate    0.022  M 

»«  i 

Trace  element  eolation 
CHfS0^.7H20,  10  g.|  MnSO^.HgO, 

0.1  g.j  reSO^'THgO;  0.1  g.| 

HC1  (cone.),  3  ml.,  made  to 

100  ml.  with  dietilled  E^O.].  .laL/liter 

One  milliliter  of  cell  suspension  from  a  3- 
day  growth  on  an  agar  slant 


Incubation: 


forty-eight  hours  at  30#0. 
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The  higher  initial  pH  in  the  cultures  containing  all  three 
vitamins  seemed  to  hare  little  influence  on  cellulose  production. 

An  explanation  vai  needed  for  the  production  of  cellulose  in 
the  basal  medium  where  previous  attempts  had  failed.    The  changes, 
noted  ahove,  vhich  had  been  made  in  the  medium  were  not  considered  to 
be  sufficient  to  induce  cellulose  formation.    The  use  of  unwashed  cells 
in  the  inocula  seemed  to  be  a  more  likely  cause.    Since  there  was  some 
evidence  that  calcium  pantothenate  or  niacin  had  a  stimulatory  effect 
on  cellulose  formation,  the  removal  of  growth  factors  during  the  washing 
of  the  inocula  was  a  plausible  explanation  for  the  previous  failuree. 
It  was  decided,  therefore,  to  determine  what  effeet  the  washing  of  the 
cells  before  inoculation  would  have  on  cellulose  production. 

The  basal  medium  used  in  the  previous  experiment  was  inoculated 
with  cells  which  had  received  various  degrees  of  washing.    Thus,  cells 
suspended  in  water  directly  from  the  agar  slants  were  used  first.  The 
cells  were  then  removed  from  suspension  by  cent rifugat ion  and  re suspend- 
ed in  8  ml.  of  water.    Two  1  ml.  portions  of  this  suspension  were  used 
as  inocula.    This  process  was  repeated  a  second  and  third  time,  reducing 
the  volume  of  the  water  added  after  each  eentrifugation.    The  cultures 
were  incubated  72  hours  to  allow  for  differences  in  the  rate  of  cellu- 
lose formation  due  to  possible  differences  in  the  sise  of  inocula. 

The  amount  of  cellulose  produced  In  cultures  inoculated  from 
the  original  suspension  was  7.3  and  5.3  mg.  (Table  25).    Media  inocu- 
lated  with  cells  which  had  received  one  washing  produced  only  1.8  and 
1.9  mg.  of  cellulose.    A  further  decrease  was  obtained  with  more 


TABUS  25 

CSLLTJLOSS  FRODTT0TI05  WITH  WW  CULLS  AS  IHOCTJLA 


Treatment  of  Inocula 

pH 

(fiaa* 

Cellulose 
Produced 
(m*.) 

Cellulose 
Yield 
(ATf.  i) 

Oelli  not  washed 

2.8 

7.3 

3.5 

2.9 

5.3 

Cell*  washed  once 

3-3 

1.9 

1.0 

3.2 

1.8 

Cells  washed  twice 

3.8 

1.8 

0.8 

3.2 

1.2 

Cells  washed  three  timet 

M 

M 

0.2 

3.8 

Basal  median:  L-Asparaglne  0.1  per  cent 

Clucose  2.0  per  cent 

Sthanol    0.5  per  cent 

Phosphate    0.022  M 

Trace  element  solution  (p.  5 7)..  3  liter 
  6.1 

Inocula:  One  milliliter  of  cell  suspension  from  a 

3-day  growth  on  agar  slants 

Incubation:  Serenty-two  hours  at  30*C. 


completely  washed,  cells,  but  some  cellulose  was  formed  in  all  the 
cultures. 

These  results  Indicated  the  advisability  of  using  washed  inocula 
in  determining  the  growth  factor  requirement  of  microdrganisms. 

The  experiment  with  calcium  pantothenate,  pj~aminobenzoic  acid 
and  niacin  was  repeated  using  Inocula  which  had  received  the  complete 
washing  treatment  described  previously.    The  concentration  of  glucose 
in  the  basal  medium  was  reduced  to  1  per  cent  and  ethanol  was  omitted. 
These  changes  were  made  to  reduce  the  difference  between  this  medium 
and  that  used  in  preliminary  experiments.    Cultures  containing  only 
niacin  were  included.    The  concentrations  of  the  vitamins  were  the  same 
as  previously  employed.    The  cultures  were  incubated  48  hours  before 
determinations  of  final  pH  values  and  cellulose  weight  were  made. 

The  difference  in  the  amount  of  cellulose  produced  in  cultures 
containing  calcium  pantothenate  and  in  the  controls  was  much  more 
pronounced  in  this  experiment  (Table  26).    The  controls  contained 
3.1  and  2.8  mg.  of  cellulose,  while  7.5  and  6.7  mg.  were  present  in 
the  cultures  to  which  calcium  pantothenate  had  been  added.  pj-Amino- 
bensoic  acid  gave  a  smaller  but  definite  increase  (5.1  and  4.6  mg.), 
niacin  showed  a  doubtful  stimulation  (2.5  and  4.5  mg.),  and  a  combina- 
tion of  the  three  vitamins  appeared  to  be  no  better  than  calcium 
pantothenate  alone. 

The  growth  factors  which  were  evidently  present  in  the  original 
cell  suspension  may  have  had  their  origin  in  the  A.  xylinna  cells,  or 
they  may  have  come  from  the  yeast  extract  in  the  slant.    If  they  did 
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TABLE  26 

THB  IHFLUSSC3  CP  CALCIUM  PAHT0TE3HA.?3,  2-AMIH0B3NZ0IC  ACID  AND 
lUCIX  ON  CBLLUL0S1  PRODUCTION  (WASHED  IHOCULA) 


Calcium 

Pantothenate 

Mmnfl  /ml 

33-AmlnoDen- 
soic  Acid 

MMtt  /si. 

Niacin 
gamma /mL 

(final) 

Cellulose 
Produced 

(rag.) 

Cellulose 
Yield 

0 

0 

3.3 
3.3 

3.1 
2.8 

1.6 

1 

0 

3.1 
3.1 

7.5 
6.7 

4.0 

0 

0 

3.1 
3.1 

5.1 
4.6 

2.7 

0 

2 

3.3 
3.1 

2.5 

M 

1.9 

1 

2 

1 

3.1 

6.9 
7.0 

3.9 

Basal  medium: 

Glucose 

cent 

Phosphate    0.022  M 

Trace  Element  Solution  (p.57)...l  ml. /liter 
pH  6 

Inocula:  One  milliliter  of  eell  suspension  from  a  3" 

day  growth  on  agar  slants;  cells  washed  "by 
cent  r  if  ligation  in  four  portions  of  sterile, 
distilled  water. 

Incubation:  Forty-eight  hours  at  30*0. 
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originate  In  the  cells,  then  they  might  also  he  present  In  the  liquid 
media  in  which  cellulose  had  been  formed  by  A,,  xvlinnm.    This  "exhausted 
medium*  would  he  expected  to  increase  cellulose  production  when  com- 
bined with  fresh  medium  and  Inoculated  with  washed  cells. 

An  unwashed  cell  suspension  from  an  agar  slant  was  used  to 
Inoculate  6  flasks  of  asparagine  medium.    The  medium  contained  L- 
asparaglne  (0.1  per  cent),  phosphate  (0.018  M  KHgPO^;  0.004  If  I^HPO; 

pH  6.5)  and  trace  elements.    After  incubation  for  48  hours  membranes 
were  removed  from  the  cultures,  processed  and  weighed.    The  weights 
obtained  were  5.5.  5.5.  10.2,  6.4,  5.3.  and  6.5  ag. 

The  media  (pH  3.1)  remaining  in  the  flasks  were  combined  and 
filtered  through  an  ultra-fine  sintered  glass  filter  after  pH  had  been 
adjusted  to  6.5.    The  filtrate  and  the  original  medium  (10  ml.  of  each) 
vere  combined  and  Inoculated  with  washed  cells.    Flasks  of  the  original 
medium,  as  controls,  were  also  inoculated  with  washed  cells.    The  cul- 
tures were  incubated  48  hours. 

The  final  pH  of  the  control  culture  was  3.5,  and  the  combined 
weight  of  two  membranes  was  3*9  mg.    The  final  pH  of  the  test  cultures 
was  4.6,  and  two  membranes  had  a  combined  weight  of  1.2  mg. 

If  substances  stimulatory  to  cellulose  formation  are  contained 
in  "exhausted'1  A.,  xyllnum  cultures,  their  presence  was  not  revealed  by 
the  above  experiment.    The  addition  of  fresh  medium  to  the  residue  ob- 
tained from  lyophlllsation  of  the  culture  filtrate  should  provide  a 
better  method  for  testing  for  these  substances. 
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Calcium  pantothenate  and  B-aminobenzoie  aeid  appear  to  be 
definitely  stimulatory  to  the  growth  and/or  cellulose  production  by 
A*  xyllnma.    However,  the  effeet  of  varying  the  concentrations  of  these 
vitamins  was  not  deternined.    Shis,  and  the  possible  effects  of  folic 
aeid,  niacin  and  other  growth  factors,  should  probably  be  investigated 
using  much  smaller  inoeula  than  were  employed  here* 

The  Influence  of  Glucose  Concentration  on  Cellulose  Production 
In  Chemically  Defined  Media 

The  effeet  of  glucose  concentration  on  the  yield  of  cellulose 
in  media  containing  yeaet  extract  vas  made  somewhat  uncertain  by  the 
formation  of  cellulose  from  yeast  extract  alone  (fable  11).    On  the 
ether  hand,  cellulose  produced  in  chemically  defined  media  should  have 
Its  origin  entirely  in  the  glucose.    The  latter  situation  would  be 
most  desirable  for  experimente  involving  specifically  labeled  carbohydrate 
substrates. 

A  basal  medium  (pH  6)  containing  L-asparagine  (0.1  per  cent), 
phosphate  (0.022  M)  and  trace  elements  was  used  for  determining  the 
effect  of  glucose  concentration  on  cellulose  formation.    Glucose  was 
added  at  four  concentrations  (0.05,  0.1,  0.2  and  1  per  cent)  to  four 
sets  of  duplicate  flasks  of  this  medium.    Another  series  was  prepared, 
Identical  with  this  except  that  ethanol  (0.5  per  cent)  was  added  to 
each  flask.    The  media  were  inoculated  with  cell  suspension  (unwashed), 
and  the  cultures  were  incubated  for  &6  hours  before  the  final  pE  and 
cellulose  weights  were  determined. 


The  amount  of  cellulose  in  cultures  not  containing  ethanol 
varied  from  2  ag.  at  0.05  "per  cent  glucose  to  k  mg.  at  1  per  cent 
glucose.    The  former  represented  a  cellulose  yield  of  23  per  cent  of 
the  theoretical.    The  inclusion  of  ethanol  in  the  medium  had  little 
or  no  effect  oa  cellulose  production  in  cultures  containing  0.05  P** 
cent  glucose.    However,  the  yields  of  glueeee  in  cultures  with  0.1, 
0.2  and  1  per  cent  glucose  were  approximately  doubled  hy  the  addition 
of  ethanol.    The  highest  percentage  of  the  theoretical  yield  (26  per 
cent)  was  obtained  in  cultures  containing  ethanol  and  0.1  per  cent 
glucose  (Table  27). 

The  amount  of  asparagine  (0.1  per  cent)  employed  in  these  media 
is  hollered  to  provide  Insufficient  nitrogen  for  the  growth  of  irrVnMI 
The  above  yields  would  probably  be  improved  by  an  increase  in  available 
nitrogen  from  asparagine  or  from  other,  perhaps  more  efficient,  sources. 
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XETLUHHCB  OF  GEUCOSB  CQHCENTRATION  ON  CSLEOLOSB  PHO- 
DUCTIOH  by  A-  xyllnoc  II  CHMICALLT  DT8TIKBD  NO  I A 


Glucose 
u  one  en  tra  z  1  on 

\:>) 

jBxnanox 
<*> 

pa 
(final) 

A  a1  1  til  AAA 

Hal  1  nl  aaa 

0.05 

0 

5.8 

2.2 

23 

<  8 

2  0 

0.10 

0 

M 

14 

4.5 

2.5 

0.20 

0 

3.8 

3.1 

7 

T.7 

2.1 

1.0 

0 

3.1 

3.6 

2 

3.1 

M 

0.05 

o.5 

4.1 

1.6 

24 

4.0 

2.8 

0.10 

0.5 

3.7 

4.6 

26 

3.7 

4.7 

0.20 

0.5 

3.6 

6.2 

15 

3.6 

5.3 

1.0 

0.5 

3.0 

6.9 

3.0 

6.5 

Basal  medium: 


Inoculat 


L-Asparagine  0.1  per  cent 

Phosphate    0.022  M 

Trace  Element  Solution  (p.  57)  >  ■    1  ml. /liter 

pH  6 

One  milliliter  transfers  from  a  suspension  of 
unwashed  cells  from  a  3-day  growth  oa  agar  slants 


Incubation: 


forty-eight  hours  at  30°C. 


CHAPTER  XT 
DISCUSS I  OH 

The  Influence  of  pH  on  Cellulose  Production 
The  effect  of  the  initial  pH  of  the  medium  on  cellulose  forma- 
tion in  cultures  containing  glucose  is  very  pronounced.    Thus,  one-unit 
increases  of  the  initial  pH  between  pH  k  and  pH  7  resulted  in  90,  26 
and  50  per  cent  increases  in  the  yields  of  cellulose.    The  initial  pH 
which  is  optimum  for  cellulose  production  in  a  medium  containing  glu- 
cose (1  per  cent),  yeast  extract  (1  per  cent)  and  phosphate  Buffer 
(0.022  M)  is  approximately  7.    It  is  believed,  however,  that  this 
statement  of  the  optimum  should  he  further  amplified  to  Include  the 
size  of  the  inoculum  employed. 

The  following  reasoning  lies  behind  this  belief.    The  failure 
in  this  research  to  propagate  A.  xylinum  in  stock  culture  at  pi  7  and 
the  report  of  Powell2*  that  no  growth  occurred  in  media  at  this  pH  are 
in  contradiction  to  the  above  statement  that  pH  7  is  an  optimum  for 
cellulose  production.    A  logical  explanation  of  this  discrepancy  may  lie 
in  the  sise  of  the  inoculum,  since  this  was  the  only  obvious  difference 
between  the  experimental  conditions  employed.    It  is  postulated,  there- 
fore, that  the  large  inoculum  used  in  the  successful  experiment  was 
capable  of  rapidly  reducing  the  pH  of  the  medium  to  a  value  at  which 
the  organism  could  grow.     The  relatively  small  inoculum  from  a  stock 
culture  might  not  have  been  able  to  reduce  the  pH  sufficiently  to  permit 
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growth.    If  this  it  true,  the  rate  and  possibly  the  magnitude  of  the 
pH  reduction  depends  on  the  eiie  of  the  inoculum  and,  consequently, 
the  value  of  the  initial  pH  for  maximum  cellulose  production  also  de- 
pends on  the  inoculum  sise* 

The  actual  pH  optimum  for  the  cellulose  synthesizing  reaction 
could  not  he  determined  Because  of  the  extreme  variation  of  the  pH 
during  the  incubation  of  cultures  containing  glucose.    It  is  esti- 
mated to  he  located  Between  pH  5  and  pH  7,  Judging  by  the  initial  and 
final  pH  values  of  the  cultures  producing  the  larger  amounts  of  cellu- 
lose.  A  more  exact  value  could  probably  be  determined  with  media  con- 
taining mannitol  or  fructose,  in  which  there  are  much  smaller  changes 
in  the  pH. 

An  increase  in  cellulose  yield  produced  by  an  increase  of  the 
initial  pH  might  result  from  a  greater  number  of  cells  being  produced 
or  from  a  larger  amount  of  cellulose  being  formed  per  cell,    the  latter 
situation  would  indicate  an  influence  of  pH  over  the  rate  of  the  cellu- 
lose synthesizing  reaction.    In  the  absence  of  a  method  for  the  simul- 
taneous measurement  of  cell  increase  and  cellulose  weight,  the  existence 
of  the  latter  phenomenon  can  only  be  inferred.    Thus,  the  following 
observations  may  indicate  that  a  pi  of  7  la  glucose  media  Increases 
the  rate  of  the  synthetic  reaction  rather  than  increasing  the  population. 

The  failure  to  obtain  growth  in  stock  cultures  at  pH  7  and  the 
report  of  Powell  which  supports  this  observation  have  been  previously 
mentioned.    These  results,  though  in  need  of  additional  experimental 
confirmation,  provide  some  evidence  that  pH  7  is  inhibitory  to  the 
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growth  of  A.  xylinum.    If  this  hypothesis  of  inhibition  is  accepted, 
then  it  might  further  he  expected  that  the  adjustment  of  a  growing 
culture  to  pH  7  would  not  result  in  a  rapid  increase  of  population. 
A  corollary  to  this  deduction  is  that  if  cellulose  formation  is  in- 
creased by  the  above  adjustment  of  pE,  it  should  result  from  an  in- 
crease in  the  rate  of  reaction  for  cellulose  synthesis. 

Assuming  the  above  reasoning  is  correct,  the  increased  cellu- 
lose yield  that  was  obtained  through  the  post-inoculation  adjustment 
of  the  pH  represents  a  greater  production  of  cellulose  per  cell.  This 
deduction,  hypothetical  though  it  may  be,  appears  to  hare  sufficient 
basis  in  fact  to  merit  further  investigation. 

The  Influence  of  the  Concentration  of  Media  Components 
on  Cellulose  Production 

The  changes  in  cellulose  production  occurring  when  the  concen- 
trations of  media  components  are  varied  anpear  to  be  due  largely  to 
effects  on  the  pE  of  the  media.    Bvidence  for  this  is  provided  by  the 
correlation  between  the  cellulose  yields  and  the  final  pH  values. 
Thus,  in  cultures  containing  more  than  0.5  per  cent  glucose,  a  decrease 
in  the  final  pH  occurs  concurrently  with  a  decrease  in  the  amounts  of 
cellulose  produced.    Simultaneous  increases  in  cellulose  yields  and 
final  pH  values  are  obtained  by  increasing  the  yeast  extract  concentra- 
tions from  0.5  to  2.5  per  cent.    A  similar  correlation  is  observed  with 
increasing  phosphate  concentrations. 

There  are,  obviously,  factors  other  than  pH  effects  concerned 
in  the  influence  of  glucose,  yeast  extract  and  phosphate  concentration 


on  cellulose  production.    This  Is  apparent  In  the  data  for  glucoee  and 
yeast  extract.    The  influence  of  r>ho«phate  concentration,  however,  is 
alaoet  entirely  explainable  by  an  increased  coffering  action.  The 
yeast  extract  present  in  these  media  apparently  supplies  enough 
phosphate  to  satisfy  the  denaads  of  A.  xTllnun. 

Approximately  0*2  per  cent  glucose  appears  to  he  the  concen- 
tration which  is  optlaua  for  celluloee  production.    Under  the  experi- 
mental conditions  employed  the  highest  percentage  of  the  theoretical 
yield  was  obtained  with  this  concentration.    The  best  concentration  of 
yeast  extract  is  more  difficult  to  ascertain.    The  effect  of  yeaet  ex- 
tract on  celluloee  production  at  concentrations  below  approximately  0.5 
per  cent  is  probably  due  to  a  stimulation  of  growth.    At  higher  concen- 
trations the  pi  effect  is  operative.   The  glucose  concentration  greatly 
influences  the  pH  of  the  culture  and  in  a  direction  opposite  to  that  of 
yeast  extract.    Tor  this  reason,  at  least  at  the  higher  concentration*, 
these  component e  of  the  medium  cannot  be  ooneidered  as  independent 
variables.    Therefore,  it  ie  only  poeeible  to  state  that  in  a  medium 
containing  1  per  com*  glucose,  2*5  per  cent  of  yeast  extract  approxi- 
mates the  optimum  for  the  concentration  of  this  component. 

Again,  the  comparative  etability  of  the  pH  in  media  containing 
mannitol  or  fructose  would  be  a  distinct  advantage  in  establishing 
optima  for  the  concentrations  of  media  components. 

The  influence  of  ethanol  on  celluloee  production  has  been  re- 
ported previouely  and  ie  believed  to  be  due  to  the  preferential  use  of 
ethanol  as  an  energy  source.^1,22    It  has  also  been  reported  that  ethanol 
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itself  Is  not  converted  to  cellulose  074.  gyllnum . 

99  lk 
Ittnor,  el  in  their  expert  sent  •  with  glueose-l-C  , 

reported  oellnloee  yields  of  k  to  8  per  cent  fro*  media  containing 

1  per  cent  each  of  glneoee  and  yeast  extract  and  0.5  T*r  eent  ethanol. 

So  attempt  was  made  In  this  research  to  determine  the  effect  of  adding 

ethanol  to  a  medium  containing  glucose  and  yeast  extract  at  these 

concentrations.    However,  In  a  median  containing  0.2  per  cent  glucose 

and  2.5  per  cent  yeast  extract  (concent rati one  indicated  by  previous 

experiments  to  he  the  optima  for  these  components)  the  highest  yield 

of  cellulose  was  obtained  with  1  per  cent  ethanol.    This  yield  of 

l»3.6  per  eent  repreeents  a  considerable  increase  over  the  yields 

reported  by  Minor,  ejfc  al. 

The  Bate  of  Cellulose  Formation 
The  rate  of  cellulose  formation  is  dependent  upon  the- sice  of 
the  inoculum.    This  is  to  be  expected  from  the  greatly  inereaeed  number 
of  cells  that  are  formed  with  each  generation  ae  the  else  of  the  inocu- 
lum Is  increased.    However,  the  total  number  of  cells  produced  in  a 
culture  is  controlled  by  cultural  conditions  and  is  the  same  in  identi- 
cal media  even  though  the  else  of  the  inoculum  is  varied.    This  would 
also  be  true  of  the  amount  of  cellulose  produced  if  cell  increase  were 
the  only  factor  affecting  cellulose  ^reduction. 

Total  cellulose  production  was  obtained  in  48  hours  in  glueose 
media  with  the  inoeula  employed  in  theee  experiments.  Practically  all 
of  the  cellulose  was  formed  between  -the  twelfth  and  thirty-sixth  hears 
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of  incubation,    This  was  probably  alto  tho  period  of  maximum  cell  In- 
crease, bat  this  could  not  be  demonstrated. 

Cellulose  format ion  proeeets  at  a  somewhat  slower  rate  in  media 
containing  rnannitol  than  in  media  containing  glucose.    Two  possibls 
explanations  for  this  are  a  slower  rate  of  growth  and  less  availability 
of  substrate.    The  pH  of  cultures  containing  raannitol  increases  one-half 
of  a  pH  unit  from  the  initial  pi  ef  6  during  *t8  hours  of  incubation. 
This  pH  might  be  Inhibitory  and  thus  cause  a  decrease  in  the  growth 
rate.    The  hypothesis  ef  a  less  available  substrate  is  based  on  the 
assumption  that  mnnitol  must  be  oxidised  to  fructose  before  cellulose 
formation  can  take  place.    A  slow  rate  for  this  reaction  might  be  re- 
fleeted  in  the  rate  of  cellulose  formation.    These  explanations  are 
entirely  speculative. 

The  Influence  of  Adaptation  of  the  Inocula 
on  Cellulose  Production 

The  knowledge  of  the  mechanism  of  cellulose  formation  by  A. 
gyllnun  is  too  slight  to  permit  a  meaningful  interpretation  to  be  made 
of  the  adaptation  experiment  performed  in  thle  research.    The  rather 
scanty  data  provided  by  the  single  experiment  might  have  some  value 
as  a  basis  for  speculation. 

Two  aspeets  of  the  metabolism  ef  the  three  substrates,  glucose, 
fructose  and  raannitol,  have  been  fairly  well  established.    These  are  that 
oxidation  of  glucose  to  gluconic  acid  and  of  aannitol  to  fructose  are 
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main  energy-yielding  reactions  in  the  metabolism  of  these  compounds  by 

k 

A.  xyllnna.    The  fate,  however,  of  fructose  is  obscure. 


An  exaaination  of  the  data  from  the  adaptation  experiment  will 
he  rn.de  on  the  basis  of  two  assumptions  concerning  the  synthesis  of 
cellulose.    One  is  that  cellulose  synthesis  from  all  substratee  pro- 
ceeds hy  way  of  a  single,  common  precursor.    The  other  is  that  aannitol 
must  he  oxidised  to  fructose  hefore  cellulose  can  he  formed  from  this 
euhstrate.    The  reactions  might  then  he  outlined  as  follows t 

Kannitol  fructose 


Olucose 


'v"'7»»  Precursor 

JUL  Cellulose 


On  the  basis  of  the  first  assumption,  it  might  he  expected  that  inocula 
adapted  to  glueoee  would  produce  less  cellulose  from  fructose  than 
would  inocula  adapted  to  fructose,  since  ths  ensymes  required  for 


actions  (b)  and  (c)  might  well  be  different.    This  was  found  to  be  the 
case.    However,  the  reverse  should  also  be  true;  that  is,  inocula  adapted 
to  fructose  should  produce  less  cellulose  from  glucose  than  inocula 
adapted  to  glucose.    The  yields  froa  glucose  were  approximately  the 
same  froa  the  two  inocula. 

These  results,  although  pro-riding  only  very  slight  confirmation 
of  the  first  assumption,  at  least  are  believed  not  to  be  contradictory. 

Inocula  adapted  to  fructose  produced  approximately  the  same 
amount  of  cellulose  from  mannitol  that  they  did  from  fructose.  This 
might  be  considered  to  be  some  confirmation  for  the  second  assumption, 
since  eelle  grown  on  fructose  should  be  adapted  to  reaction  (b)  whether 
or  not  it  is  preceded  by  reaction  (a).    However,  cells  adapted  to  mannitol 
produced  less  cellulose  froa  mannitol  than  did  cells  adapted  to  fructose. 


This  was  rather  unexpected,  einee  on  the  basis  of  the  second  aseuarotion, 
fructose  is  also  present  in  aannitol  media  to  permit  adaptation  to 
reaction  (o).    An  explanation  might  lie  in  the  growth  of  the  cells  on 
an  agar  slant  -orlor  to  inocalation.    This  aero  hie  condition  of  growth 
sight  hare  t>  raven  ted  the  accumulation  of  frnetose,  and  an  exogenous 
supply  of  fructose  might  he  necessary  for  adaptation. 

This  single  experiment  provides  little  inf ormat ion  eren  for 
speenlation.    However,  more  carefully  planned  experiaents  extended  to 
incl'ide  other  substrates  and  involving  studies  of  the  rate  of  cellulose 
formation  might  ^rove  valuable. 

The  Influence  of  Inhibitors  on  Cellulose  formation 
The  cyanide  ion  is  an  inhibitor  for  the  cytochrome  ensymss 
which  have  an  iron  porphyrin  as  a  taresthetic  group.    This  -provides  a 
provable  explanation  of  the  inhibition  of  the  production  of  cellulose 
when  ICH  is  added  after  2k  hours  incubation  to  cultures  of  A.  svlinum. 
The  failure  to  obtain  inhibition  when  cyanide  is  added  after  three 
days  incubation  could  possibly  be  due  to  an  insufficient  concentration 
of  the  inhibitor  for  the  greatly  increased  number  of  cells  present  at 
this  time. 

The  lack  of  inhibition  by  the  fluoride  ion  might  Indicate  that 
enolase  or  other  ensymes  requiring  metal  activators  are  not  involved 
In  the  metabolism  of  A.  xrllnnm.    (Kannltol  was  the  only  substrate 
used  in  these  experiaents  with  inorganic  inhibitors.) 
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Many  reasons  sight  be  advanced  for  tho  inhibition  r>roduced  by 
tho  bisulfite  Ion,  bat  no  bat is  for  a  choica  among  then  is  provided  by 
tho  tingle  experiment  performed. 

The  affeet  of  malonle  aeld  when  added  after  Inoculation  needs 
further  clarification.     The  slight  ttiaulation  by  nalonate  of  cellu- 
lose production  in  cultures  containing  glueote  it  another  of  the 
effeett  that  can  probably  be  attributed  to  an  influence  on  the  pH  of 
the  culture. 

The  If fact  of  Calcium  Pantothenate,  Niacin  and  £-Aalnobensoic 
Acid  on  Cellulote  Production 

Srldence  that  folic,  pantothenic  and  p_-aminobensoic  aoidt  stimu- 
late the  growth  of  A.  xvllnum  was  obtained  in  the  preliminary  experiments 
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with  growth  faotort.    The  report  of  Rao  and  Stoket     that  A.  xyllnum 
produces  growth  and  pellicle  in  the  absence  of  added  vitamins  was 
published  after  these  experiments  ware  performed. 

It  seemed  more  than  coincidental  that  they  found  requirements 
by  other  epeeiee  of  the  genus  Acetobacter  for  nicotinic,  p.-aminobensoic 
and  pantothenic  acids  which  included  two  of  the  ritamlns  Implicated  by 
the  preliminary  experiments  mentioned  above.    The  explanation  of  the 
apparently  contradictory  reeultt  may  be  the  use  of  unwashed  eelle  for 
i no ciila  by  Bao  and  Stoket. 

Definite  stimulation  of  cellulote  production  is  obtained  by  the 
addition  of  pantothenic  and  g-aminobensoie  acide  to  chemically  defined 
aadia  Inoculated  with  washed  eelle.    A  similar  effect  is  not  produced 
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by  nicotinic  acid.    Hoverer,  in  a  large  inoculum,  eren  though  washed, 
there  mj  still  he  present  a  sufficient  concentration  of  sobs  of  ths 
rltamins  to  satisfy  the  requirements  of  the  organism. 

An  additiTe  stimulatory  effect  is  not  produced  in  media  con- 
taining "both  pantothenic  and  p-aminobensoic  acids.    This  mi^it  hs  the 
result  of  limitations  placed  on  growth  hy  other  cultural  conditions 
such  as  limited  nitrogen  supply,  unfarorable  pH,  or  the  absence  of 
other  necessary  growth  factors. 

The  Influence  of  Glucose  Concentration  and  Bthanol 
on  Cellulose  Production  in 
Chemically  Defined  Media 

Yields  of  cellulose  as  high  as  26  per  cent  are  obtained  in  aspara- 

gine  media  with  0.1  per  cent  glucose  and  0.5  per  cent  ethanol  present. 

This  indicates  the  feasibility  of  performing  experiments  with  radioactire 

substrates  in  a  chemically  defined  medium.    The  yield  of  cellulose  could 

probably  he  increased  by  the  addition  of  growth  factors  (unwashed  inocula 

were  used)  and  proper  adjustment  of  the  nitrogen  source. 

Suggestions  Concerning  future  Research  on  the 
Production  of  Cellulose  by  A.,  xylinum 

The  numerous  possibilities  for  future  research  on  the  production 
of  cellulose  hy  A.  xylinum  will  not  be  considered  fully  here.  Howerer, 
the  use  of  chemically  defined  media  and  a  method  for  relating  cell  in- 
crease to  cellulose  synthesis  are  considered  to  he  almost  essential  to 
the  success  of  such  research. 
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Oluee  to  the  mechanism  of  cellulose  formation  might  be  obtained 
from  a  re-examination  of  the  substrates  reported  to  yield  cellulose 
and  the  establishment,  definitely,  of  their  ability  or  inability  to  do 
so.    Chromatographic  analysis  of  lyophilized  cultures,  studies  of  com- 
petitive inhibition  by  substrate  analogs  and  enzyme  adaptation  experi- 
ments should  also  provide  valuable  information. 


The  effects  of  variation*  of  the  pH  and  of  the  concentrations 
of  media  components  on  cellulose  formation  by  A.  xyj-laua  were  determined 
in  media  containing  glucose.    The  initial  pH  of  the  medium  was  found 
to  hare  a  profound  effect  on  cellulose  production.    Also,  a  pott- 
inoculation  adjustment  of  the  pH  of  a  culture  to  pH  ?  resulted  in  a 
marked  increase  in  the  yield  of  cellulose.    The  influence  of  the  con- 
centrations of  glucose,  yeast  extract  and  phosphate  could,  in  a  large 
measure,  he  attributed  to  effects  on  the  pH  of  the  culture.    The  in- 
crease in  yield  produced  by  the  addition  of  ethanol  to  the  media 
was  apparently  not  due  to  the  pH  effect. 

The  highest  yield  of  cellulose,  43.6  per  cent,  was  obtained 
in  a  medium  containing  0.2  per  cent  glucose,  2.5  per  cent  yeast  ex- 
tract and  1  per  cent  ethanol.    This  medium  was  adjusted  to  pE  6.7 
with  0.044  N  phosphate. 

Total  cellulose  production  in  cultures  containing  glucose 
was  reached  within  48  hours.    The  rate  of  cellulose  formation  in  media 
containing  mannitol  was  slower,  total  yield  being  obtained  after  72  to 
96  hours. 

Znoeula  adapted  to  fructose  produced  the  highest  yields  of  cellu- 
lose from  mannitol  and  fructose.    This  was  believed  to  indicate  that  the 
oxidation  of  mannitol  to  fructose  was  necessary  before  cellulose  could 
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be  formed  in  this  medium.    The  results  of  the  experiment*  are  hollered 
to  point  oat  the  r&lue  of  employing  the  techniques  of  simultaneous 
adaptation  in  future  research. 

Under  the  conditions  of  the  experiments,  cyanide  and  bisulfite 
ions  were  inhibitory  to  cellulose  production  In  media  containing  aanni- 
tol,  while  fluoride  ion  was  without  effect.   Malonic  acid  had  little 
influence  on  cellulose  production  when  ^resent  In  the  media  Before 
Inoculation.    A  slight  increase  in  cellulose  yields  obtained  with  anionic 
acid  in  a  glucose  medium  was  attributed  to  the  pi  effect. 

Pantothenic  and  Eramlnobenzoic  acids  wsre  found  to  be  definitely 
stimulatory  to  cellulose  production  in  a  chemically  defined  medium. 

▲  cellulose  yield  of  26  per  cent  obtained  in  a  chemically 
defined  medium  indicated  that  experiments  with  radioactire  labeled 
substrates  would  be  feasible  in  such  a  medium. 


APPBKDIX  X 

DDTICULTIBS  WKOSJWmOBD  II  BHDBAYQRINS-  TO  UWOSXIB  CELL  GROWTH 
Hf  CULTURES  OF  Aeetobacter  xylinum 

The  liquid  below  the  membrane  in  an  undisturbed  culture  of  A. 
xylinum  appears  clear  and  non-turbid.    Practically  all  of  the  cells  in 
the  culture  are  Imbedded  in  or  attached  to  the  cellulose  membrane.  This 
situation  makes  the  simultaneous  determination  of  cellulose  production 
and  cell  growth  extremely  difficult,  if  not  impossible. 

When  a  culture  was  shaken  rigorously  cells  were  loosened  from 
the  membrane  and  a  marked  turbidity  developed.    This  turbidity  was 
measured  in  many  of  these  experiments  in  the  hope  that  a  correlation 
with  actual  cell  number  could  be  demonstrated.    The  procedure  for  these 
determinations  involrcd  striking  the  flasks  against  the  hand  a  uniform 
number  of  times  and  with  a  uniform  stroke.    The  membranes  were  them 
removed.  (Absorbed  culture  liquid  was  pressed  out  against  the  necks 
of  the  flasks.)    The  liquid  remaining  in  the  flask  was  adjusted  to  the 
original  volume  of  the  culture  with  distilled  water,  and  the  transmission 
of  a  10-ml.  sample  was  determined  with  an  Evelyn  Photoelectric  Colorimeter. 
The  galvanometer  was  set  at  100  per  cent  transmission  with  10  ml.  of  the 
original  medium,  using  the  515  millimicron  filter.    Galvanometer  read- 
ings were  converted  to  photometric  density  by  the  formula  I  «  2  —  log  C, 
in  which  L  is  the  symbol  for  photometric  density. 
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Turbidity  determinations  on  triplicate  culture*  after  in- 
creasing neriods  of  incubation  gave  poor  precision  (Table  28).  leither 
was  there  consistent  correlation  between  these  values  and  the  weight 
of  the  cellulose  produced.    Plotting  photometric  density  against  incu- 
bation tine  resulted  in  a  curre  with  little  resemblance  to  a  normal 
growth  curve. 

The  turbidity  after  2k  hours  incubation  was  slightly  lower  than 
after  12  hours  incubation.    The  yield  of  cellulose,  however,  was  much 
greater  in  the  2'Haour  cultures  than  in  the  12-hour  cultures.  This 
indicated  that  new  cells  were  held  fast  in  the  membrane. 

This  same  lack  of  correlation  between  turbidity  and  cellulose 
yield  was  found  in  other  experiments  wkere  turbidity  was  measured. 
When  occasionally  the  values  appeared  to  reflect  a  logical  relation 
Between  cell  growth  and  eellulese  production,  no  confidence  could  be 
placed  in  the  results. 

This  lack  of  confidence  was  Increased  by  the  results  of  nitrogen 
determinations.    Membranes  washed  for  2k  hours  in  running  water  were 
found  to  contain  2.3  mg.  of  nitrogen,  while  the  washed  cells  from  the 
same  culture  contained  only  0.07  mg.  of  nitrogen,    all  of  the  nitrogen 
in  the  membrane  may  not  have  represented  cellular  raaterial,  but  the 
ratio  of  cells  in  the  membrane  to  eells  free  In  the  medium  must  certainly 
have  been  large. 
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TABL3  28 


AS  ATTEMPT  TO  RELATE  CELL  GROWTH  AND  CELLULOSE  PRODUCTION 


IS  CULTURES  0 

r  A.  xylinum 

Incubation 

Period 
(hours) 

Ga  lranometer 
Beading 

(0* 

Photometric  Density 
<i>* 

Cellulose 

JT  POCLUU9u> 

(mg.) 

12 

85 
87 

85 

0.071 
.061 
.071 

1.6 
1.8 
1.7 

86 

88 
89 

.066 
.056 
.051 

8.4 
8.2 
8.8 

48 

80 
71 

m 

.097 
.149 
.076 

18.2 
17  7 
17.8 

72 

70 
76 
67 

.155 
.129 
.174 

17.3 
16  8 

18.7 

70 
65 
67 

.155 
.189 
.174 

18.1 
17.1 
14.6 

120 

61 
58 
60 

.215 
.229 
.222 

17.8 
16.7 
19.5 

144 

57 

60 

57 

.244 
.222 
.244 

20.1 
16.4 
17.2 

*L  h  2  -  Log  G. 

Turbidity  of  freshlj 

r  inoculated  media: 

L  «  0.042. 

Basal  medium: 

Yeast  extract 

.  1  per  cent 

 6 

Inocula:  One  milliliter  transfers  from  a  suspension 

of  a  3-day  growth  on  agar  slants 


Incubation: 


At  J0*C. 


APP35DH  II 


CHEMICALS  AITD  APPARATUS 


Rutritional  liochemicals  Corporation: 


Cytosine 
Uracil 

Adenine  sulfate 

Hypoxanthine 

Guanine  hydrochloride 

Xanthine 

Folic  aeld 

Rutin 


L-Arginine  nonohydrochloride 

L-Proline 

L-Asparagine 

DL-'Frypt  ophane 


DL-Serine 

DL-Alanine 

D-Lerulese 


Merck  4  Co.,  Inc.: 


Calcitm  pantothenate 
Riboflavin 
g-Aainohensoic  acid 


DL- Threonine 

Glycine 
Dextrose 


laitaan  Kodak  Company: 

Mannitol 
Malonlc  acid 

Difco  Laboratories,  Inc. : 
Teaet  extract 

Dr.  W.  M.  Laoter,  College  of  Pharaacy,  Enixersity  of  florida: 

Niacin 
Pyridoxiae 
Thiamin  nitrate 

Thelco  Incubator,  Cat.  No.  1483,  Precision  Scientific  Co.,  Chicago,  111. 

Bxelyn  Photoelectric  Colorimeter,  Rubicon  Co.,  Philadelphia,  Pa. 

Beckman  Class  Electrode  pH  Meter,  Model  R  2,  Rational  Technical  Labora- 
tories, South  Pasadena,  California 

Seits  filter,  Cat.  Ro.  9-738,  Pisher  Scientific  Co.,  Pittsburg,  Pa. 

Rrlenmeyer  Flasks,  250  ml.,  Cat.  Ro.  4980,  Coming  Class  Company,  Corn- 
ing, R.  T. 
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